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ACUTE RESPONSE OF GUINEA PIGS TO VAPORS OF SORIE 
NEW COMMERCIAL ORGANIC COMPOUNDS 

VIII. BUTANOXEI 

By F. A. P A ~ P , ’  AND W. P. YANT~E. H. SCERENK~ 

This report on the acute response of guinea pigs to butanone 
(methF1 ethyl ketone) vapor is the eighth of a series of similar reports 
which deal with studies pertinent t o  establishing a criterion of the 
toxicity of some chemical products which have recently become com
mercially available for industrial application.
This investigation ws9 undertaken at the request of Stmco, Inc., 

and was conducted jointly with the United States Bureau of Mines. 
‘Theozrperimints were conducted at the Pittsburgh E.xperiment Sts
tion of the Bureau of Mines. 

GCOPE OF WORK 

The scope of the work included a study of the toxicity of, and the 
physiological response of guinea pigs esposed to, vapors of butanone 
(methyl ethyl ketone). Only acute effects as produced by B single 
esposure mere studied. The errperiments were planned to cover a 
range of concentrations which would produce slight or no response, 
moderam response, and serious response. 

I Ctrnvibution from the Pittsburgh Eswtment Stntlon. U.S.Burmu of Mlnes, Plttsburgh, Pn. Pub
!ishod by perminlon of the Director, U. 9. Bureau of Mlnes. Work on manuscript complotod Nov. 30, 
1934. 

a hssociRte chemlst, health latwratary Section, Pittsburgh Experiment Statlon, U. S. Burenu of Mhas, 
fittsbulyh. Pa. 

Chemist in charge, toxkuloalcal and bfocherniml Isboratory, henlth Inborntory soctlon, Pittsburgh 
Experiment Statlon, U. 6. Burmu of Mines, Pittsburgh, Pa. 

4 Supcnising chemist. henlth labmitory section. nnd supcrvlslng engineor, Pittsburgh Experiment 
Station, U. S. Burenu of 3Iines. Pittsburgh. Pa. 

4 Acute rcspmso of Ruben pips to vapors Of 5Om6now commercinl organlo mmimunds: 
I. Erhylene dichloride. Sap% R. R.. Y‘ant, W.P.. WniLo, C. P., and X’ntty, E’. A. Pub. nealth 

3tep.. rol. 45, no. 6, Jnu. 31. 1930. pp. P223Q. (Reprint No. 1349.) 
11. Ethyl benrono. Ynnt, W.P.. Scluenk, 11. 11., \Y\‘nitc. C. p., and Patty, F. A. Pub. Q d t h  

Iicp., vd.45, no.22, 3Iny 30,1930. pp. l?4i-I?$J. (Reprint So.  13i‘J.) 
111. Cellosolre. Wnlto, C.P.,Patty. F.A.. nod I’nnt, N.P. Pub. ncnlth Rep., vol. 45, no. 24 

June ?i,1930, pp. IJ$+He(i. (Reprint KO.1BD.)
1s.ICthyleno oxide. Waitc, C. P., I’atty. F. A., nnd Ynnt, 11’. P. Pub. LIcnlth Rcp., vo1. 45, no. 
32, Aug. 8. 1930, pp. 3632-1843. (Reprint No. 1401.) 

V. Vinyl chloride. I’ntty, k’. A., Ymt. W.P., and W n ! %  C.P. J’ub. IIcnllh Rep., vol. 45, no. 
a.A U ~ .D, 1930,pp. 1~3-1971. (Reprlnt Xo. 1405.) 

VI. 	Dloran. Ynn:, W.P., Schrsnk. II. U., Wnlto, C.  P., arid Pntty, F. A. Pub. IIcnith Rop., 
vol. 45, no. 39, Aug. 29, 1930, pp. 3?3-2032. (Heprint S O .  140i.l 

VII. 	Dlclrloroethyl ctlitr. Schrcnk, 11. f f . ,  P:itfyl F. n., nod Ynnt, W. P. Pub. Denlth ROO
rol.48, RO. 40, Nov. 17,1933, pp. 13391388. (Itcprint So. 1W.j 
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2 PHYSIOLOGICAL RESPOSSE TO BUT.4XOXE TAPOR 

CHEMICAL AND PB'I'SICAL PROPERTIES 


The butanone used in this study xas a commercial grade of methyl 
ethyl ketone sold for industrial use. It was water clear and had an 
odor resembling that of acetone. An examination of t.he material 
gave the following physical properties: 

Specific graviiy 

15.6O/15.6O c---- 0. 8095 
20°/15.60 c------ .so51 

Boiling range 

Temp.,
C., cor-Distillate, percant rected to 
7W mm 

I !1 I 

0.2 percent residue, 0.3 percent lost 

As determined by the Bureau of Mines, these physical properties 
agree closely with the specifications furnished by the manufacturer 
for the commercial product. The manufacturer dlso specified tho 
product t.0 be 92.3 percent ketone as determined by acetylation. 

The boiling point of butmonc n.s givon in tho Internntiond Critical 
Tables is 79.6' C. 

USE OF BlXANONE 

Butnnone is a t  present employed in the nianufacture of PSToxylin 
solutions, cfiicfly in tho artificial leather and lacquer industries, and 
is nlso used in paint removcm Although at present limited largely 
to  these uses, butanonc has possibilities ns n solvent in other fields. 

TEST APPARATUB 

Figures 1 and 2 show an explosion cliambcr used for csposing ani
mals to vapor-nir mistiircs which wwc iienr or within tlic flammnbio 
range. Tlic cllnmbrr wns mndc Iroiii n sccond-hmd coniprcsscd-air 
receivcr by cutting of? onc end. I t  wns 41 bc'tics in dinmctcr, 40 
i n c h  long on tllc sidcs, and 46 incilos lorig n t  the center, tlic closed 
cnd being conws.  The w.nlls and cozivcs elid wcrc stccl plntc, ap
proximately ,'&inch tliick. The opcii end was closed by covering it 
with a shwt of clcnr ccllophnrie, a, Iirld in plucc by n l t q c  rubber band 

@ Internntronnl Critlatl Tables, Brst edition, 1929, FOL 3, p. 2 %  
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PHYSIOLOGICAL RESPOSSE TO BUTAXONE VAPOR 3 

made from the inner tube of nn nutoniobilc tire. This cellophane .,.
served as a relief disphmgm in cnse nn explosion occurred, and also . . 

admitted light. A 2-inch flanged liolc, I ,  in the conrex closed end m of the cylinder, co-r-eredwith a ?$-inchthick glass plate, served as nnrial obsemation window. Animals in the chamber were observed without 
risk by means of a mirror, c, set in front of the transparent cellophane 
relief diaphragm and so inclined that IZ person a t  the protected end 
of the-chamber could r i m  the interior by reflection. A small openhg 
at d was used for n.ithdmn-ing saniples of the chamber atmosphere for 
widpis. d stirring fan, P, was connected by a shaft through a close

t fitting bushing to an externally located motur, f. The fan-shaft car
ried an esternall_r located aLuriilinry fan for ventilating the space* between the bushing and the motor (thus minimizing the possibility 

1 of n. localized accumulation of flammable vapor-air mkture) and �or 
drnning cooling air through the motor ns required ky the particular 
small comru&cinl fan motor used for the apparatus. The internal 
stining fan was used chiefly for keeping the vapor-air mix-ture homo
geneous; in e.speriments in which an attempt was made to saturate 
the air with vapor it T~-BS 3150 used to fncilitate the evaporation of 
liquid from wicks, g, suspended in a reservoir of liquid. A mood floor, 
h, which had numerous I-inch holes for circulation of air underneath, 
was placed in the bottom of the chamber. A wire screen, i, prevented 
the animals from rupturing the cellophane diaphragm. An opening:rt.ies about 4 inches in dinmeter at j was closed by n large removable cork,turer and through this opening guinea pigs mere introduced into the cham

i the ber. The pigs xere placed in a wire basket, k, suspended by a cord, 
and then lowered to the floor of the chnmbcr. The pigs could thusitical be plnced in the cluimber after the desired vapor-air misture had been 
created; and, by reversing the procedure, any nninial or group could 
be removed a t  nnr time during t h e  cspcriment without significant 
loss of the chamber atmosphere. 

The clinmber wms mounted 011 n truck frame to facilitate moving. 
other 

Iabor:itory equipment br the csplosion ww*t'nvcsset up by the flammn-
tion of the conipwatiTelF large volunic of ilnmniablc snpor-rtir n h  
turc, all cspcriments with this nppnrntus iverc conducted outside tho 

ani- . .  laboratory. 
nlrble Figures 1 nnd 2 :tiso show the nppnmtus for vaporizing the liquid 
ed-air . and preparing the vnpor-air mi~turcs. ' r h c  mixturcs were usunlly 
?r, 40 prcpnrcd by n ctpxnl ic  mctliod wllcrcl)~:I ~ne:isitrcdno\\-of liquid nin-
doscd 
e, 01)-
ing it  

, tcri:tl U'IIS confinuorisly wporizctl in n Jiwnstwcrl strc:im of air. A 
eonstant SlIpply d nir wns dcli\?cred from tllc blower, u ,  throirgh tho 
flol\p-mctcr,p ,  the rnte being controlled by tlic prcsswc regulator, (I. 

Owing to the danger of destruction of laboratory windows a ~ d  

I. 


8 	 bund I Itc liquid to be viiporized wns tlclivrrrci n t n tonstiitit rato by pro
portioning ~ U I I I I ) ,P (shown only c1i:i~rsriirnntic:tllyin fig. I) ,  onto 
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PHYSIOMXflCAL RESPOSSE TO BUTANONE VAPOR 5 

the wick,s, contained in a U-tube inunersed in an oil bath heated by 
a hot plate to n temperature above the boiling point of the liquid to 
be vaporized. The 3ir supply passed over the wick and cmried the 
vapor into the chamber at t. The escape of the vapor-air mixture 
mas mainly around the edge of the diaphragm and to 8 slight extent 
at the s t m g  box of the fan shaft. A slight internal pressure pre
vented any bward leakage. The amounts of liquid and air were 
varied to produce the desired concentrations, but the total volume of 
air passed through the chamber always exceeded two air changes M 
hour, which was sufficient to prevent osygen deficiency or accuxuda
tion of carbon dioxide from the respiration of the animals. 
Inpreparing the &best concentration available on compIete satura

tion of the air (appm.ximately 10percent vapor in air by volume), dl 
the chamber openings were closed and air was blown by meam of the 
stirring fan acrom n series of wicks suspended in a reservoir of buta
none. The fan and saturator were operated several hours before the 
pigs mere placed in the chamber and continued during the entire ex
periment, in order to create and maintain as nearly n saturated condi
tion as could be attained practically a t  the provniling temperature, 
approsimntely 30° C .  

Experiments with 0.33 percent butanone rapor in air, which is well 
below the lower flammable Emit, were performed in larger chamber, 
which has been described in a previous publication.' 

COMPOTATION ASD ANALYSIS OF VAPOR-AIR MIXTURES 

For control purposes in crenting esperinicntn.1 conditions, the con
centrations of vapor in nir \\-ere estimated by computation from the 
quantity of air flowing through the meter and tho quantity of liquid 
delivered. to the vaporizer. This procedure wns nccessnrily omitted 
in the c.uperimcnts with tiir saturntcd with butanonc vapor, in which 
ti static mcthocl was employed. All conccntrntions wcrc finally deter
nlincd during the coumc of tlic espcrinicnts by clicniicd nmtlysis, and 
in some cases by adsorption by nir-cquilibrated clinrcoal. 

The chemical method of nnnlysis consistcd of pipetting 50 ern3of :% 

solution of XI1 sodium hSdrosidc into n ijilsk, which tvns closed by 
rubbcr stopper fitted ~ v i t hn g l w  stopcocl;. TIm flnsk wtis connected 
in scrim with a rncrcurF U-gngc nild partly cvticuntccl; then the stop
cock was closed. This s m q h  rcccivcr mns tlicri conncctcd to 2% well-
purged sampling tubc and fillctl by vnctiuiii displiiccmcnt. Tho vol
ume of vnpor-air tdicn tvns  ctilculn tcd frorn tho U-gage incnsurcmcn t 
a t  thc end of thc evacuation proeetlurc niid a t  tho prcvniling tcinpcra
turc and lmonietric pressure. The tiibc ivns slmlccn to nbsorb tlic 

? Ynnt, IS.P., Ichrcnk, LI. EI., and Sayers. It. It.; Mcttianol nuillrertcnrid mothnnol paisonina. Ind. 
Eng. Chcm., V G ~ .3(1331).pp. Si-=. 

i 
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6 PHTSIGLUCICXL RESPOSSE TO 33VTISONE VAPOR 

butanone; nn excess of XI10 iodine ivas slowly added. The sodium 
hydroside mas permitted to stnnd for 15 iilinutes, then was neuM
ized with 2N sulphuric acid, and n slight excess (about 0.3 to 0.5 em') 
of acid was added. The escess iodine mns determined by titration 
with XI20 sodium tliosulphste solution. 

Table 1 gives the results o i  analyses of E )  standard solution of buta
none in water made (IS ti check on the accuracy of the method of 
nnalysis. 
TABLE1.-Results of the analysis of porlions of n standard aqueous solution of 

butanone 

i I i I 
S f q
1;. I 1% 
34.9 10s 
34.4 la9 
31.B la 
34.6 107 
51.7 10: 
51.4 100 
5l. 3 106 

The avcmgc recovery in 8 determinations TWS 107 percent. In R 
report 011 the dcterniinntion of methyl ethyl ketone, Cnssc~r*has 
shown thnt if the reaction of 6 moles of iodine per inole of ketone is 
taken as 100 percent, n recovery of 110.6 percent is obtained. This 
increase is due nppnrently to tlie influence of n secondary reaction in 
which 10 molcs of iodine react with 1 inole of ketone, as shown in t!ie 
following equations: 

CIIJXI,COCIi~-+3 1 ~ + 3 S ~ O H ~ C E I I ~ +CHsCH?COOH+3SaI f2H;O (1) 

CH,C~I,COClf3$.jI~+4SrlOH=aCII13fCHjCOOH~I
+3HzO (3 
On tllc basis of 110.G lwing equivnlent to 100 percent, the result, 307 

pcrccnt, o1)t;iincd hy the Burcnu of 11itws for tlic comnicrcial product 
used. indicates it to be i~pprosi~ni~tdy06.7 percent lietone. Tila 
commercial product n-ns reported by tlic produccrs to cont th  93.3 
pcrccnt I;ctonc, as dctcrniinccl by ncctylizntion. Thc impurities in 
thc lcctonc ~s'crcalso reported by tho maniifncturcr to he primarily 
tlic corrcspntlirq sccoiid:wy ;ilcoliol. 

As itii nvcr:igii rccovrry of 107 pcrccnt u m  obtninctl (tiiblc 1) for 
Icnown m i o u ~ i t sof  thc  s;t:in<f;\rdsolilt ion of conirnercinl butitnone, the 
valucs obtniwd for t l i c  timount of biit:inono in  thc vapor-nir ~~i~tilrcs 
used in :ttiiin:ii cspcritiicnts (tnllc 2) \vert corrcctcci I)y multinlyiiig 

1a0tlic dctcrniinctl v n h c  by --, or 0.933. 
1O i  

10/24/1996 EPA TSCA D O C K E T  




PHYSIOLOGIC& RESPONSE TO BUTAXONE VAPOB 7 
Table 3 gives the doncentrations computed from the vohmo of 

air and t,he amount of butanone vaporized, and the concentration 
found by cheniicnl analysis �or vapor-air miytures used in animal 
experiments. The conversion from milligrams per liter, as determined 
chemically, to percent by volume is made on t.he basis that 1. gram 
molecular weight of butanone is equivalent to 23.4 liters of vapor at 
Oo C. and 760 mm Hg. 

TABLE2.-Results oj  analysis o j  ezposure atrnospheres 

by- I/ Concentration by-

I 

1 I1 I I 
0.98 
.92 .85 


13 .90 I. 18 

4.2 1.02 .83 
3.6 1. OB .91 
3 6  .92 
3.2 .os 
3.2 
3.3 
1.04 

.33 

.33 

.32 
.R2 
.35 

1.01 .30 

i 
.s 

I II 
.32 

I I 

(9 ,96 

1 Concentration in percent by volume at C. and 7u)mm pressure. To convert to mg per Hter, mul
tiply by B.3. 

2 Concentmtion obtRined by recirculntloa ofair (30° C., 740 mm pressure) over nicks wet with butnnone. 
No rnrnputed cornpositinn. 

8 Determined by sdrarptiou on airaquilibrsted ch~conl .  

The mnsimum conwntration attainable at 30' C. and 740 mm 
pressure nvernged approsimntely 10 percent. The remainder of the 
result.s in table 2 represent esperimentni atmospheres prepared by 
continuously volntilizing a measured ninount of butanone in a meas
ured coliime of air. For succeeding cspcrixnents this maximum of 10 
pcrccnt wns successively reduced by n Inctor of a p p r o ~ n t c l yone
third iint.il no response was obscrved after 13.5 hours' exposure. By 
following this p h n  tIic general order of concentrations used wns 10.0, 
3.3, 1.0, nxid 0.33 percent by volume. 

PROCEDURE FOR EXPOSING A S l J I A L S  

3a 011 csperirncnts the desired conccntrntion \vas crcntcd nncl 
annlgzed bcforc I hc guinca pigs wcrc ndinittcd. Tho pigs w r c  
csposed in groups of G, scvcraI such groups being indutlcd in ctirh 
cspcrimcnt t o  permit study of tho timc-conccntrtttion c1fcc.t.. 111 

the use of tlic csplosion chamber, thc aniiiinls to Le osposccl lnngcst 
wcre Indrnittctl first. T ~ Csecond and ot lm groups wcro addcd. t i t  n 
time ~ d i i c l i\votiId permit the predct.rlniined period of csposura for 
cnclr groiip nnd dlow thc cspostirc of d l  to bc tcrniinntcd simu1t:ine
ousiy. This procrduro wns i~suailyrcvcrscd in tlic USC of tho clmnbcr 
for nonflniiirnablc ynpor-nir misturcs. All tho  mininls used for expo-

, _, .:;, ..-;:c>
,,,,:,,A,._,, .. ,..,.,,... ,-., 
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8 PHYSIOLOGICAL RESPONSE TO BUTANONE VAPOR 

sure to  a particular vapor-air mixture were stctrted at the same time, 
and groups were removed after predetermined intervals. C?hemnical 
analyses were continued d h g  the course of exposure.
The description and information regarding the care of nnifnals wi l l  

be found in the zeport on ethylene dichloride.Q 

RESULTS OF TESTS 

This report presents summarized results pertinent to signs or 
symptoms, fatalitiy, md gross pathology. 

OBJECTIVE BPbtPTOM8 

Control animcrls.--So signs or symptoms were exhibited by the 24 
control guinea pigs taken at random from the stock anirrids used in 
these tests. No deaths occurred. 

Exposed animak.--The signs or symptoms exhibited by &ials 
exposed to butanone vapor in the order of their occurrence were as 
follows: Irritation of the nose and eyes manifested by rubbing nose 
with the forepan3 and squinting; lacrimation; incoordination; narco
sis; gasping type of respiration; and death. Table 3 gives the nrerape 
time necessary to produce these symptoms by various concentrations 
of butanone vapor in air. The figures given indicate the average t h o  
for occurrence of the symptom, escepting those in parentheses, which 
indicate that t h e  particular symptom did not occur in the maximum 
period of exposure as given. 

TABLE3.--Sigm and symptoms prodirced i n  guinea p igs  exposed to rapors of 
Outanone 

I Concentration of vspor Inpercent by Vofum0 

No nbnorninl signs werc obscrvcd during 01'following an espoauro 
of 810 minutes to 0.33 pcrccnt butnnoiro vnpor in air by volume. 
Signs of irritntiori of tlie noso nntl cycs occurrcd in 2 and 4 minutcs, 
lncrimatiori in  40 minutes, incoordinntion in  90 rrlinutcs, arid uncou

1 % I, fatnote 5. 

\ 
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10. PHTSIOLOGTCI\L RESPOSSE TO UUTASONE VAPOR 

CAOSE OF DEATH DURING ESPOSURE 

It is not clew whether denth wns duo to irritation of the lungs or to 
a state of narcosis that terminated in delctli. It i:, noteworthy that 
without exception the nnininls either died during esposure or recovered. 
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1 percent), nnd in one instance (30minutes to 10 percent;) did not 
regain consciousness until 8 to 10 hours after esqosure, but were 
spprorrcbi~gnormal actisity 24 hours after esposure and appeared 
normal in activity within 48hours. Opacity of the cornea persisted in 
some cases for the 8-day period before the pigs were liiUed for autopsy. 

WARWING PROPERTIES ASD HAZARDS OF ACUTE POISON1N.Q 

Men momentarily exposed to 3.3 and spproxhntely 10 percent 
vapor in air pronounced the atmosphere intolerable because of irrita
tion to the eyes and nasal passnges. One percent rapor in air mas 
found to have a strong odor and to be almost intolerabk from kntn
tion to the eyes and nose nfter serernl inhalations; 0.33 percent vapor-
had n moderate to strong odor and was nioderntely irritating to the 
eyes and nose. , 

Concentrndons apparentl_r harmless to guinon pigs after several 
hours’ ~sposu,cphnvc distinct. 1%-i-nrningproperties of both odor and 
irritation, and concentrations which produced no serious effects in 1 
hour were practically intolerable. 

WARMING PROPERTIES AND EXPLOSION HAZARDS 

The esplosion hnznrd of butnnono vnpo: is not to be ignored. 
The intensity of odor and i r r i tdng  properties are high enough, how
ever, to give distinct warning characteristics to mpor-air mixtures 
considerably below the fla.mmnble mngc, which may be considered to 
be about 2 percent. Tlie upper limit probn.bly is not grereter t.han 12 
pcrccnt. 

SUMMARY AND CONCLUSIONS 

1 . 

c. 
f 
I

i 
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SUMMARY 
r 1 ( .  

:Seventeen chemicals (solvents. insecticides and intermediates in the production of textiles and resins) 
were rested in a short-term in vitro system with human lymphocyrcs 10 determine their toxic action. The 
parameters studied were the tririared thymidine upiake and cell viability in cultures grown with or 
wihout a rat liver metabolizing system (S-9 mix). 

Data obtained showed thar 1.3-dichlorobenzene, 1.2-dichlorobcnzene, hexane. 1,2-diiodoethane, 
I.4dichlprobcnrenc. tetrachloroethylene. 2,3-dibromopropanol, chloromerhyl methyl ether, 1.2- and 
'l$-dibrornopropane, in order, exerled the more toxic cffects; ethyl amare ,  cyclohexane. cyclohexanone 
and benzene showed lower toxic activity. 
. Thc  chemicals lost he i r  toxic power in the presence of the metabolizing syslcm with the exception of 
1.2- and 1.3-dichlorobenzene which maintained in some degree their toxiclty even in the presence of the 
s-9 mix.Onty chloromethyl mcthyl ether eliciled unscheduied DNA synthesis acting as DNA damaging 
agent. 

INTRODUCTION 

In previous works we studied the effects exerted on human cells cultured in vitro 
by some pesticides and haloalkanes as toxic or DNA-damaging agents [ 1 21. In the 
Present study we report data on a further seventeen chemicals \\lidely used in 
industry and widespread in the environment, viz. solvents, insecticides and 
hmnediares in rhe production of textiles and resins. 

Some of the chemicals tested in this study have been previously studied in non-
Abbrsiations: DMSO. dimethylsulfoxide; ['H)TdR, lriiiated Ihymidinc. 



1; 	 human experimental systems to determine theit toxic, mutageni 
carcinogenic actbit? 13-71; epidemiological data a-re.available .for solve 

This wor!k was carried out in an in vitro experimental system 
lymphocytes and the toxic effects of the chemicals-were !measured ,.deter 
cellular.viability by srypan-blue staining and by the inhibi'tion .of2~heD 

Cultures.were grown in the presence or in.the absence of.metabolic--activaii 
the compounds and obtained data were compared to those.of chioro 
ether taken as a positive control and of chloroform as a negative one. 

In previous studies the former acted as toxic and DNA-damaging 
latter gave negative results [2]. 

MATERIALS AND METHODS 
1 -


Chenticals. The following substances were tested (in parenthese 
benzene (99Oro), 1,2-dichlorobenzene(990;0),1,3-dich!orobenzene (99%), 1,k2 
robenzene (99To), 12-diiodoethane (98To), 1,2-dibromoprcpane (97oio), 1 
bromopropane (98%), chloromethyl methyl ether (9OVa), hilerck-Schucha 
(Darmstadt, F.R.G.) and ethyl acetate (Y9.5%), methyl ethyl ke 
hexane (99070),cyclohexane (99.S%), cyclohexanone (9S.8%), chlor 
1,2-dichIoropropane ( - ), 2,3-dibromopropanol (96%) and tetrachloro 
(99070),Aldrich Europe (Beerse, Belgium). Three scalar doses of each chemical 
tested and, taking into account the low water-solubility of most of them, they 
dissolved in DMSO before their addition to the cell cultures at final conceni ' i  
which ranged from lo- '  M to 10'' M and 1 %  DMSO. 

t 

Cell cu/riries. The in vitro test system utilized in this study was base!
i 

previously described 11, 21 with modifications. Briefly, 50-60 ml of blood fro 
healthy adult donors were collected and lymphocytes were separated acc 
Boyum [ l l ] .

' 

Cells, 1-2 - 1OS/well of microtest plate 3030 (Falcon Plastics, Los Angeles, 
USA), were cultured in a Solume of 0.2 ml of RPMI I640medium suppleme 
with 2 mM glutamine, containing 1To DMSO with water-insoluble chemicals 
0.25 pCi of 13H]TdR (20Ci/mmol, The Radiochemical Centre, Amersham, L .  

Lymphocytes were cultured for 4 h at 37°C in a humidified atmosp 
containing 5O;o C01 in the presence (treated) or in the absence (control 
dose of the chemicals in  sestuplicate culture wells. The effects of the substance 
rhe DNA synthesis were measured through cellular ['HITdR uptake. 
toxicity (4 h culture) was determined by the trypan-blue staining technique. 

Cultures were gown in the absence or in the presence of a rat liver metaboiizi 
system (S-9 mix) either to activate the chemicals to different forms [13, 13) Or 

transform toxic substances in inactive compounds. S-9 mix was obtained folbvi  
the method of Ames et al. [l?]: 1 ml of the metaboiizing mixture contained 0.2 
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=liver~:phenQbarbital-inducedS-9, .8 pmol h!fgc12, 33 pnol KCi, 5 pmol 
@&~hosphate,and4 $mol NADP. At the end of the culture periods, -f3H]TdR 
by lymphocytes, in semuplicare wells for each experimental combination, 

-d&te&inedrby;a liquid sunfiliation spectrometer as previously described [1] and 
dpmI:=r.SE. 

8:re�eriato:several.experiments;each of them included as much as possible 
neous substances and was performed with lymphocytes of the 

f 	:w e  donor. Repeated experimenrs with cells from different donors were performed 
cofifirm obtained results. 

* L,.? . 

ULTS AND DlSCUSSlON 

fable f gives the data on cellular viabilir). and 13H]TdR uptake by human 
phocytes cultured in vitto in the presence of the tested chemicals with-or without 
abolic activation. 

far as the toxic action is concerned, it appears that methyl ethyl ketone, 
oform and 1,Z-dichloropropane do not cause any cytotoxic action. Both the 
dR uptake and the percentage of viable ceHs show values very similar 10 those 
corresponding controls. Data for chloroform. utilized as a negative control, 

previously obtained in vitro in our experimental conditions 121, even 
emical has proved toxic for laboratory animals or in epidemiological 

Chloromethyl methyl ether, m-hexane, 1 2 - and 1,3-dibromopropane. 2.3-dibro
mopropanol, 1,tdiiodoethane, terrachtoroethyiene and 1,4-dichloroben-7ene are 

- toxic when lymphocytes are grown in the absence of S-9mix and, usually, with the 
.. highest doses used. Both the f’H]TdR uptake and the dable. cell percectage are 

reduced to a various extent by comparison with the corresponding controls. 
Since this cytotoxicity disappcars in the presence of the metabolizing ystem, it 

can be argued that the S-9 mLx causes a detoxification of these chemicals as it is 
rcponed for other chemically related compounds [13, 151. Alrernarively, this 
protection could be explained through an unspecific absorption of the drugs by the  
s9 mix so that their real corxenirations are lowered. Such an action is hypothesized 
a b  by other authors [161. Data for chloromethyl methyl ether-treated cultures 
ufilited as a positive control. confirm those previously obtained 131. 39 1 2 

1,3-dichlorobenzene do not seem to be (completely) inactivated by the 
microsomal sysrem because significant \.aiues of cellular dearh (5060) are still 
obser\*able in S-9 mix-created culrures also, while the corresponding [‘HITdR 
uptake is unaffected in comparison {vith the control (230 and 208 dprn. respectisely, 
vs- 218 dprn of the control). This finding suggests that the microsomal system 
m i a l l y  reduces the toxic acriviry of these ch2micals but it must be pointed out that 

simple and direct correir?tion exists berween cell viability and thymidine 
This is to be expected since 13H’]TdRuptake couid be affected 

10/24/1996 EPA TSCA D O C K E T  




incorporate thymidine. 
Ethyl acetate, benzene, cyclohexane and cyclohexanone cause a marked ink-...;jj 

of [3H]TdR uptake in S-9 mix-lacking cult.ures while the corresponding < -

TABLE I 

IN VITRO FOR A 4 H PERlOD BY THREE SCALAR DOSES OF 17 CHEMICALS 0 
INDUSTRlAL UTILIZATION 

Compound Dose I’HjTdR 

Ethyl acetate l o - ?  356 * 13 
IO-’ 361 t IS 100 264 5 4 
l o -& dI4 z s 100 264 2 13 

Methyl ethyl ketone 10-2 583 f 5 
IO-’ 525 L 14 100 400 30 
lo-4 501 2 15 

Chloromethyl merhyl ether io -*  249 = 18 70 681 * 35 
10-3 310 15 100 433 2 9 

Control - 582 2 I ?  332 2 26 

n-Hexane’ 1 0 - 2  .- 123 2 I t  
10-3 .’ 470 2 10 
lo-‘ 518 ”, 25 

Cyclohcxan?‘ IO-* 565 = 12 
10- 3 530 5 27 100 258 f 13 

520 = 19 100 306 -c 17 

Cyclohexanone’ 

l o - 4  5 5 5  = 29 IO0 256 f 16 

Conirof’ - 517 z 21 294 -c 10 

1 ,2-Dichloropropanea 10-2 
IO-’ 

$24 i 17 
496 i IO 100 396 r 19 

IO-‘ 516 2 IS 
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With $9 mix 

331 .6. 354. f 9 
10" 426 f 13 400 f 17 
10" 415 f 18 428 It 16 

. ...-.> c 


LZ-Dict,lorobenzene*
+ I ^ -. _ .  
f . .  

.... 
' k3-Di:Morobenzene' 
; '

1A-Dichlorobenzene'.. 

249 z 18 352 f 1 1  
10-3 561 5 27 435 36 100 

IO-* 566 i. 19 392 f 21 100 

10'2 186 st 12 391 f 17 100 
IO-), 516 2 30 425 & 23 100 
lo-' 493 * 27 366 20 100 

- 521 r 23 375 2 10 

1 0 - 2  391 t 38 293 2 19 100 

10- 391 c 27 312 f 13 100 
lo-' 382 2 16 285 f 9 100 

10-3 120 -L 22 242 f 9 100 
IO-^ 320 t 28 299 2 I2 100 
10- 420 z 19 299 i 26 100 

IO" 157 f 27 217 4 18 100 
10- 379 r 29 265 f 17 100 
io-' 417 2 21 272 t 24 100 

- 330 2 2s 296 i. 9 

10-3 271 4 15 
/
212 f 20 100 

10-A 
10-5 

413 k 8 
408 -c 7 

/ 195 c 12 
173 f 3 

100 
100 

1 0 ' ~  
10" 

116 2 10 
300 * 22 

230 f 7 
113 f i' 

50 
100 

10-5 292 2 15 2'0 2 21 100 

IO- 9 6 2  5 SO8 -i- 12 50 

10"' 290 f 6 227 r 3 100 

293 5 26 201 2 3 100 

IO- IS1 r 5 '34 2 1s 100 

lo-' 32' t 12 219 t 19 100 

10- 315 -c 20 230 t IO 100 

- 425 10 '18 2 IS 
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viabilities are unaffeGtEd ~100%/controls);'These data suggest',that;$these 
exercise .a cytotoxic adon which is .not immediately followed by d 
presumably because the3 inhibit some step of the DNA synthesis and 
with the thymidine rtptdke processes. 

Finally, j3H]TdR uptake values significantly- -higher ,than::,..thatI.' 
corresponding conrmlareobservable only .in 10-2-andI O-.3 M ~hloro 
ether-treated cultures grown in the presence of the metabolizing System 
dpm vs. 332 dpm of the control). It can be hypothesized that the S
this chemical to a form which causes damage on DNA followed by r3H 
for the DNA reparative synthesis in accordance with previous observatio 

Reported data are substantially in accordance with those of 0th 
obtained in differem experimental conditions (for the literature 
DUCTION). However, ix must be pointed out that controversial results 
obtained for  a given substance utilizing different experimental schedules or 
bacterial strains and animal species even in the same experimental con 
181. Hence, it appears necessary that studies on the cytotoxic and .ge 
activities of a chemical widespread in the environment should be carried 
several experimental schedules to obtain more reliable results. 
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BOD of petrochemicals 

KENNETH S. PRICE,GEXE T. WACGT,ANI) RICHARD.4. C o x n - ~ i  

ONCERN over synthetic organic chemi-C cals in the aquatic environment is 
primarily related to toxicity, biodegrada
tion, and biomagnification. Among other 
uses, aquatic toxicity data are needed to 
aid in evaluating the hazards of transport
ing various organic chemicals by deep
water tanker, barge, train, and truck and 
to assess various means of disposing of the 
washing residue produced in cleaning these 
transport vehicles. Biodegradability data 
on specific mntcrinls may h r  iised to rsti
~n;itetlrc iiiilxict ol : I I I  o r p i i i c  si)ill O I I  1 1 1 1 .  

.oxygen resources of a stream; also, the ratr 
and extent of biodegradation of an organic 
chemical can be used to evaluatc the atl
visability of using a biological system for 
the treatment of a particular wastestream. 
captured spill, or washing residue. Bio
magnification or food-chain buildup is of 
concern when relatively large amounts of a 
nlaterial that is both resistant to degrada
tion and has a reasonable chance of enter
ing microbial cells reaches the aquatic en
vironment on a continuous basis. 

Although several studies and compila
tions of biodegradability data are availahle 
in the literattire,’-’ many of the (lata :ire 
based on 5-day .biochemical oxygen de
mand ( BOD) tests or short-term actilvated 
sludge tests; virtually all tests have been 
Derfonned in freshwater scstrms. Thr 
available data are often difficult to apply 
as the methods used are highly varicd and? 
not completely described. For csiimplv. 
BOD values are known to vary greatl!. dc
pending on the state of acclimation of Lhc 
microbi;d scwl iiscd. Tlw rcwilts of : i d  i 
vated sliidge tcsts art. infliic.nccztl 1)). air  
stripping, adsorption on ,biosolids, and flw 

ability data are available for either fresh
water or sca\vater systems. In general, 
aquatic toxicity data, particularly for ma
rine organisms, are cvcn more limited than 
is information on biodegradability. 

Stiidies were conducted at the Union 
Carbide Technical Center, South Charles
ton, \{’. Va., to evaluate the biodegradabil
ity and toxicit). of over 50 synthetic organic 
compounds of major commercial signifi
cance. Both fresh and seawater systems 
wr rp  i i s d  :ippIyinc modifications of thr 
S I : I I ~ ~ I : ~ I X II K I I I  I(.SI. ! \ r / f . t t t i ( /  s ~ ~ l i r r r r( l i r i r i i .  

shrimp ) were? used in toxicity bioassays. 

Txsr P ~ ~ ~ : i m t m x sA N I )  RKSUL-I-S 
Biodegradation tests were performed in 

three phases: initial screening of biode
gradability in freshwater, acclimation of 
microbial sjstems to those materials that 
were resistant to biodegradation in the 
screening tests, and evaluation of bio
degradability of most test materials in a 
high salinity environment simulating ocean 
n-atrr. Screening tests with brine shrimp 
were conducted Iwfore chstahlishing median 
tolerance levels (TL,,,). 

Frcshwatcr biodegradation. Testing of 
those chemicals that were readily water 
soluble follo\ved the published BOD pro
cedure.“ -4 settled domestic wastewater 
\\‘;is first filtc%rcdthroiigh glass wool and 
then adclc~l( 3  ml/l,ottle) as seed inaterial 
to clean ROD hnttles. The hottles wrre half 
li I Ivtl \\ t i  t l i  ;icr:i t c ~ lt 1i l i  i t  ion \\.atCT contain
ing thc specifkd minerals and buffer. 
Small aliqtiots o f  t l ic  test cliemicals u w o  
; i d t l c . t l  to tllc~s(.Imtlh-c  from 0.1 pcm.cmi 
stock soliitioiis ! , i (>l( l i i iz  (.oncc’iilr:i1ioiis 0 1  
3. 7, ;und 10 mg/l. .At I v x t  t u w  of tlictsc. 

state of acclimation of the activated s l u d i ~ .  oonccmtrations \ver(’ tvsted in dilplicate.
< .

Mk For manv svnthetic materials no bioderrad- These concentrations gave a potential oxy-
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TABLE I.-Summary of Biodegradation Data 

I l l  I 1.i 15 i.- - -
Acetic acid (neutralired) I. l I i  I ,ll'l X? 1 4.2 nu XX I I H I  
:\ccLunr L.211 1.illl i f ,  : n.; h i  hV i 6
Lienxene . i . l I l  1 .411  2 7 :  LJ ... 

>n-Butanol 

i 
l . J  L. , i ' l  -. .( :, x i  i 61: h X  i l  

n-Butyl ilccwte I l .hX ; 1.211 I..;: hK I i l l  5< 56
Cumene 0.115' . i . , i C l  1.1.; 61 i 0 . i  Z 
Didecylphthalate
Diethanolamini. 

Dierllylenc glyciil

Diethylcne glycol monuctliyl w h i ~  

Diet hylenctriaminc

Di-2-cthyl-hesyI IJhtIralati. 

Diisobutyl keroni. 

Epoxidized soybean oil 

Ethanol 

Ethyl acetate 

Ethyl acrylate

Ethylenedinminr 

Ethylene dichloriilv 

Elllylrllc glyccrl

Ethyl,.r1r pl~rc,l111'111111,111 \.I*'I111.1 


jilllyb.,,'. &:iy<v,l 1 , , ~ 8 , , S M 4  11v1 VI 111-1 


I,CCULL,I
Ethylene glycol I ~ I ~ I I ~ J V L I ~ ~ Iv i lwr  
Ethylene glycol monomerhyl eLlier 
Ethyl hexanol 
Ethyl hcsyl acrylate 

2.6'1 ?,.ill 1 1  I I 1  0 
I . 5 L  I :I i i?! SI (10 h0 
1.511 I .4*l R '  1 ;  i ,
I .vo I .;.I ; I  ! i j ;  44 
I..ii I ..ii 4 '  4 - -
L..iX ? . i 4  I1 1 - -. 
2.%+ ?.KR .VI I ;; 4 J _- 2.24 I - 
-. I O  1 . O L J  74 68 ilJ 

1 . X i  1 .h'l 61 .i4 5 5 -
I ..i.i 
11.Vi 

I ..ill 
I . l l l . <  

2 
44 
1 %  '1 ' $  

I .,it1 I ..!'> X(3 h I 1  rrs 
.I 411 .I. ' 7  ;-.I 184 711 

1 3 1  
1 .XI1 

I..,<, 
I .'IS 

,'I 
XX 

44 
42 

5'1 
.io 

nv 
62 

I .hX I .64 h? 18 23 J v 

I .'I1 I . i l  .+ .5 3 s.1 

-.v; 2.i'l3 , A  64 84 1I 1 0  
<0.01 1.011 2.4s 24 I 4  14

Ethos? triglycol c I .X'J I . i X  4; IO 1 2
Formic acid (neutralkwl) <. 0.3.i l l . . \(3 .i4 

Y! 1) 2
Hesylene dycol (. .!..{I1 2.1.1 ?V 0- .Isobiitanoi L . 5  L..iV 2..%') ,., - - -

Isobutyl acetate 0.6.1 1.21) 1.4.; i 4  35 37 3 i !
Isodecanol (mised isomersj 0.0 I -I* .i.ll.< ? . X i  44 1 7  34 40

Isophorone 1.? 1.iX 2.04 !.! 6 7 9

Isopropanol 1.JI1 1..10 I ,  42 60 7 2 

Isopropyl acetate i 2.04 1.6i i? 311 4.3

Linear alkyl benrmr  ll.I14* .{,IS ?..il { h

Mctlnmd i' 1 .50  1 .50  XS 8.1 8.5

hlctliyl :inryl iict'iii~r' 11.1 .i 2.44 2. .io X i  2.2 6 i 

hlethvl amyl alcoliul O.hl* 1.X2 2.64 7 2  - -

Methyl ethyl ketone 26.8 2.44 2.2.1 S? 62 63 60 
hlethyl isobutyl ketonr 1 .'I 46 SO 5.3 

- -Octyl eposptalhte 0.06* 
2.711 2.411 , .ih 06 

1Y S i  242.15 ! -
Phenol 8.4 1.40  1..iO 7 00 X'J 74 78 86 

7 7 )Primary amyl acetate 

i 
0 . 2  2..i.i -.-- / b 4  i 6  6.5 h0 S i

n-Propanol 2.40 ? . I &  ! 64 i 6  64 h i  I 3
n-?ropy1 acetate 1.114 2.114 I 62 811 i n  7 0  i 6
Propylene glycol 1 0.O.i .1.117 2.88 I65 6.q - I - 12 11 80 

c 1 .os 1.6.1 1 6 2  66 72 73 8.1
St)Tene
Tetrahrdronaphthalene ~ ll.lJ.i.i* . i , l .<  1..iO - 2 3
Tetraethylene plscol 

! :  
c 1 . t r S  1 .64 I I1 

Toluene I I . I W  .i.I .i 1.40 : .i.i 61 .f
Triethanolamine I.til I..;? i 8 .  ' I  5 i
Triethylene glycol i 2 I.011 I .hi1 4 ' IO 6
Vinyl acetaw I . ( s i  I .  V I  :,.I 

* SoluLiIity n i w w r r d  i it  ?5"( '  ill *yiitIwiic ~ ~ i i w : ~ t , . i  

Example: 

(CHKJ-1?)2Sf-l + 602 4 
4r02 + sII:l+ 41120 

0 x J2 2.b.i 111: I ):.-T,J l l )  = .. 
7.3 iiig I ) i r i l i ~ ~ l ; i i i i i i i c +  

Bascd on espc~imcntalexperiencc, the total 
nitrite-nitrate measured by the t e c h i q11c 
was assumed to be principally nitrite. 
Thus, the oxygen consumed in the forma-
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FIGURE 2.-Typical unacclimated bio
degradation curves for glycols. 

ences in rate and extent of biodegradation 
can be seen within a chemical class as the 
molecular weight and structure vary. 

.Although the bio-oxidation values re

20." A 
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FIGURE 3.-Typical ruiacclimated biodegradation curves for ainincs. 
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FIGURE 4.-Typical miacclimated bio
degradation curves for aromatics. ' 

ported are based on calculated TI~OD,chemi
cal oxygen demand (COD) measurements 
were made on these materials and are pre-
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FIGURE S.-Typical unacclimated bio
degradation curves for glycol ethers andacrylates. 
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sented in Table 1 for comparison with the 
T.@D. The chromic acid reflux procedure 
described in “Standard Methods” LI was 
used for these determinations that, with 
the exception of a few aromatic hydro
carbons, show good agreement with the 
TAOD. 

Water solubility data are also presented 
in Table I. The BOD tests on compounds of 
low miscirbility used a few significant modi-

IO 

8 

6’ 
# 

fications. The dilution water was sparged i 

with pure oxygen to produce an available 

w level of 30 to 35 mg/l. After tht. s r w l  


was added to the BOD bottle, the bottle 41 \? I,.-
-
was completely filled with the highly 

oxygenated dilution water. The p~ue a.N O  ACETATE 


chemical to be tested was drawn into a 
microhypodermic syringe; the volume used 
an all cases was 3.0 pl to provide an in-
bottle concentration in the 300-ml BOD bot
tle of approximately 10 mg/l (corrections 
for specific gravity were mndc cltiririg c x l 
culations) or a maximum potential w 1111

d bio- take of about 30 mg/l. The needle of t&e 
cs. syringe was wiped clean of excess material 

chemi- the liquid surface. Experience indicated 
-ements that the BOD bottle cu,uld be t i l t d  approxi
.re pre

l O O r  
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-rs and FIGURE 6.-Typical unacclimated bio

degradation curves for ketones. 
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FIGURE 7.-Tmical unacclimated bio
degradation curves for acetate esterz. 
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degradation cur\*esfor alcohols. 
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TABLE 11.-Effect of Acclimation 
I_..-.- ... 

! Bio-ozidntionat LO cia?: (LG) 

Material Tested ~ 

Son-accllmnitd . Acclimawd 

Benzene 1 29 [ 80 
Diethylene glycol j 30 67 
Diethylenetriamine I 0 j 7 0  
Ethyl acrylate ’ 3.5 ; i0 
Ethylenediamine 1 47 io 
Hexylenc glycol 48 i ‘)O 
Tetraethylene glycol 1 2 2  ! 88 
Triethylene glycol j 24 86 
Vinyl acetate i 

32 

mately 30 deg from the vertical without 
spilling the dilution c\*ater while the in
jected sample rose and was trapped in the 
round “shoulder” of the BOD bottle. The 
glass stopper could thkn -be inserted with
out any great haste. 

Four bottles were prepared for each 
slightly soluble material being tested. Ap
propriately seeded blanks and glucose stan
dards werc. prepared diiring (tach test rim 
using the same di lu t io i i  water iisid lor t111* 
test samples. The higli initial i)o conc.cii
trations required the iisr of tlic \\’iiikh 
wet-chemical method at double reagcnt 

g m  tIcm;ilitl to 1’,,01), by tlie t\ix-iitiibthday 20 initiall! 
i n  thc. initial screening trst \ v u e  subjected greater than 
to treatment designed to develop accli- 20-day BOD 

mated microbial cultures. Each 1-1 accli- climated se 
mation cell \\:as initiall!. ch;irgcd lvith 150 in Table 11 
ml of an t.qiial-volume misttire of: ( N )  two is presentec 
hio1ogic;iIly treatf4 prtrochcinic;il rBhimts,  hexylene gl: 
(1) ) srttlcd clomcstic \vaste\viitt~r. ( c )  Seawater 
K;ana\vha River Lvatcr taken from the U’in- were demrii 
f i c . l t I  I.oc.lis ; i t  \\*iiifi(*l(l.\\’. \*;I. ( t l t c a  K ina - extent grra 
n4ia  1iivt.r rc.cc.ivcs tlic. \v;istc- c’fHiic5iits froin in the tresl 
numrrous indiistriiil and tlomvstic soiirces jected to l
d m ~ ~this point), and ( d )  soil. seawater ( 

Each acclimator was filled to SO0 ml and buffer 
with BOD dilution water. One pure com- mended 
pound \\.as added to eiich of the aerated ac- ~ added to t
climation cells to provide an initial ctincen-

~ 

in biodeg 
tration of 30 mg/l; cells were re-fed at tion of the 
approsimately 3-day intervals. The feed- degra datio 
ing process \*’as accomplished as follows: same man 
shut-off air and allow solids to settle from However, 
the bulk liquid for 30 min, remove 2.50 ml correction 
of the supernatant from each cell and refill for DO de 
to the S00-ml mark \vith HOI) dilution lvater, analysis IV 

I.. 
; i c I t I  t c b s t  clii~iiiicals 10 rc.spi*c.[i\*c*; i ~ ~ c l i t i i ~ i - 1 hc SCY‘ 

t i o i i  ~‘c*llst o  providc‘ a n  inrrcwc* i i i  cwncm- dation tci 
triition o f  40  mg/l, ;tnd tiirn on air. Ac- taken fror 
cljmatjon cells were operated for a period source tv 
of 3.5 t o  60 days. amounts ,dosage for the tletc.rmin:itiori o f  DO l ( ~ ~ c . 1 ~ ;  

I i  in* u x s  every 3 tcthe mcter uscd in the curlirr stiitlic*s \voi i ld ‘1.1 I ( *  c4fc.ct ivcr K-SS til ‘  t l  I ( *  p r o c x ~  
read a maximum concentration of only 15 t~valuatedby using siipernatruit liquid from seed bact 

t l i c .  \\:inkl(v tctst tl(*stro\-s. c-;i(.h :icdim;itor as tliv s c ~ ~ lmg/l. n c ~ ~ i i i s t - for- HOII tcsts rative 10. 
the test sample, 0 i - 1 ~ ‘lmttlc from c x 4 1  c o i i i - rc*slic-c*ti\.(*~ * ~ I ~ I ~ ~ ~ I I I I I ~ I ~ s .  

pound test series was analyzcd at 5-day 
intervals. Two swtlrd blanks \ww nlso 
analyzed at  each 5-day iiitcrval: d l  glucosc 
standards were analyzed on the fifth da!. of 
a test run. Samples were taken prior to 
the Winkler analysis for nitrite-nitrate 
analysis. using the methods previously clc
scribed. -4Ithoqh ethylene glycol is highly 
soluble, it was e\.aluated by both the solii
ble test system and this high DO. piire
chemical-addition systcm ;is a chrck of thc 
technique. The results rigrerd \vithin the 
limits of the test proccdurc. Consequently. 
these data are presented in Table 1 \vithout 
any method distinction. 

hlicrobial :ieclim;it ion st r idirs. )!:it vr i:ils 

\ \ . i t l i  ~ J i c .  ‘ I ’ l i c ~ r c ~  water. 
\\“T 16 materials that sho\\-cd iiiiprowd Table ! 
r:I t CY of hiodcgrxht ion nsiiig ;icc.limated graded
iiiicrol)ial si.cstl ;is COII11x1r i ~ l\\ . i  II i ( 1 1  i i i  i<’stic mated m: 
\.\-aste\vatc,rseed (Table I ) .  

Following these tests, the mode of oper
ation of thc acclimation cells thnt did not- TAI 

Soditi 
CnIci ! 
Magn 

blg 
M a p ’  
l’otx 
Magr 
M F 

t1i:it were not (1c~gr;dcd; i t  Iviist 50 p ( ~ e x * i i t .  

;is indicated Ly tlie r;iLio o f  o l ~ s c * r v c ~ lcis!.
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l )r i i i (*  sliriiiil).  \fx*r[* osiwater while isobutyl acetatc reaclivd a LWI- tlic fil~i*r-I(*~*cii~ig 
37 1)i.r- t1iy.i-tl ill  t h i s  shrimp cligc*stivc tract, andstant removal pcrcciitagct o f  ;1bo111 

cent within 15 days and did not increase caitsecl ;in ii~crriiscrlrvspiratiotl rate. Sec
beyond that level. ond, contamination of the shrimp suspen-

Brine shrimp. The brine shrimp. ,4r- sion \vith !vast and possihly bacteria re-
’ 

temia salina, is a member of the class sulted in complete DO depletion, even in the 
Crustac-a, growing to about 12 mm in controls, in two of the test runs. An at-
length, and having \xddwide distribution. tempt to \viish the shrimp M’ith fresh sea-
I n  North America the organism occiirs \Yater prior to use was only partially SLIC

naturally in Epsom Lake, Wash.; in natural cessfal. Finally, the diffrrences in uptake 
saltems along the California coast from San rate between controls and dosed shrimp 
Francisco southward; in Mono Lake and were relatively small. These problem areas 
Little Soda Lake, San Luis Obispo, Calif.; made the resiilts erratic and interpretation 
and in Great Salt Lake, Utah.” of the data very difficult. Therefore, this I 

w;is not uscd further inWhen a culture is established, it is con- bioassay t~*chi iq i iv  
tinued by viviparous reproduction with the this study. 

first batch of eggs from each female grow- Hatching procedure. The hatching tech

ing to the nauplius stage in a brood pouch. nique used iii these studies used five 1-1, 

Subsequent batches of eggs’from the same wide-mouth bottles joined with black 

female are resting eggs and must be dried plastic tapc with a small window left open I

i
before hatching. Dried eggs remain viable at each end (Figure 1).Each bottle was 

for several years and can he hatched read- equippcd with a fritted-glass air diffuser 

ily within 40 to 35 Iir provitlilig I;irgc I I I I I I I - , a11d 1 g of q g s  t W R S  plnccd in each 

Lcrs o f  1 r a i i I ) l i i  o f  I I N .  s:ittii*:IC<*:it10hislor!.. I)ot-il(.  f l h ~ iwith spnthc-ticsaawatcr (Table 

This f CA;~ t 1i rv makes the h i  ti C *  sI ir i I I i p I’- I I !  ) .  *I ’ I i c*  n x t c ~\\’:is ;ic.r:itc.d i i i i t i l  ii:iicll


ticularly attrac.ti\*e as ;i tosjcity I)ioass;i!’ itig \{*;is ~ Y ) I I I ~ I I ( * ~ ( * ( I ;  ;ic*r;itiori I hew uw 
organism for the saltwater environment. stopped to  permit the unhatched vggs to 1 

The use of brine shrimp for toxicity bio- svttlc out. .\ light soiirce \V;IS pIarc.-d. at 
assays has been reported by sr.vrral invwti- the window; thv viable shrimp concentratd 
gat or^.'^-'^ The possibility of standardizing in the beam of light and were dratvn off 
a brine shrimp bioassay tcst for marine with ;I medicine dropper and placed in a I 
toxicity evaluation recently has been re- separate contailiclr. Thy iiuiniwr of slirimp 
ported.IG per milliliter \vas determined by filtering 

Preliminary toxicity studies. The tech- ii known voliimc~through a griddod n1c.m
nique suggested by Hood13 was used in brane filter and counting the shrimp under . 
the preliminary brine shrimp toxicity stud- a low-power microscope. Experience re- j 
ies. Hood had shown that the seawater vealed that the shrimp could be pipetted 
waste concentration that resulted in a de- reproducibly into test bottles prosided that 
crease in oxygen uptake rate b!;. the brine the shrimp suspension was kept thoronghly . 

shrimp was similar to the TL, for two spe- mixed with a magnetic stirrer. Dilution to 
cies of marine fish. Therefore, the effect of attain the desired shrimp titer in the stock 
the various pure compounds at several con- snspension also was found to be feasible. 
centrations on the oxygen uptake rate of Toxicity screening tests. Tarz\vell and 
brine shrimp was envisioned as the method others l9 h a w  reported on the determina
to be used for the ex-aluation of toxicities in tion of median tolerance limits, defined as 
this project. the concentration at which 50 prcent  mor-

Three rather serious difficulties were en- tality is espcrienced in a set time priod, 
c‘oi I I i t  (WYI wit 1i t1i is t d i I I i c  I I i t , .  First. ( w- for spwifir materials iising brine shrimp. , 

u , i t l it;iin c.l~n)ic.;ilsc.uiiscd iippr(*ci:i!)lc*iiirrc*;tsc*s *I.:irxuxdi u x s  1)riii{*iI):tIIy~ ~ o t ~ ~ v ~ r t i c ~ c i  

in the o x y g e ~ ~upt:iki* rati. of I I K .  l i r i t i [*  

c * \ , i sliriit~p. h.l;i[cri;tls sttc.11 ;is ~ ~ t l ~ ; t i ~ ~ ~ l  1 C;irciliii;i Riologictl Supply CII.. l % l i r l i l i g t < t i i .  
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~ ~ ~ t ( - r t i i i t l i t t ~1 1 1 i *  I [  
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determining the toxicity of oil dispersants, 
and, therefore, his methotlology d i t 1  I I O ~  

apply directly to the types of materials 
analyzed in this study. Where possible, 
however, his methods were used. 

Before determination of medi,an tolcrance 
limits, the range in which each material 
was toxic to brine shrimp was' measured as 
follows: 

1. Shrimp eggs were placed in the pre
viously described hatching device approxi
mately 48 hr in  advance of the time that 
test shrimp woiilrl br. rcqnired 

2. After shrimp hatching WLLScoiiiplclc, 
the shrimp were collected and diluted to 
provide a suspension of shrimp with a titer 
of 30 to 50 shrimp/ml.
3. PLppropriate volumes of a 1 percent 

solution of each chemical were placed in 
150-rn1, wide-mouth bottles to provide mn
centrations of 100, 1,000, and 10,000 mg/l 
when diluted to 99 ml. Relatively insoluble 
materials were tested at saturation levels in 
seawater. Artificial seawater was added 
to provide a total volume of 100 ml. 

4. The brine shrimp suspension (1 ml)  
\vas pipetted into each bottle containing 
test chemicals and into bottles containing 
only seawater (controls). The bottles 
were then loosely capped and incubated at 
ambient temperature (24.5"C) for 24 hr.1 

5. .4t the end of the 24-hr incubation 
period, the numbers of live and dead 
shrimp were noted by viewing the shrimp 
in the bottle aided by a colony counter.§ 

Brine shrimp have branch-like swimming 
appciiilagcs, pl1yllolxdi:1, which ;ilso suvc. 

I 111 I I r i i i t .  sl i i . i i i i l i  I>iiixss:ip( .o i i~ l t i t~~ i .~ ls i i i t . a .  1 1 1 , .  

conclusion of tliis projtbcl. It. C: .  Gossctt mid J .  I{. 
I)awson of Union Carbide Corporation have de
veloped n technique for achieving faster, more nc
curate counts of I)rine shrimp. Aftrr preparation 
of the desired test concentrations and addition of 
brine shrimp, the test solutions are transferred to 
and incubated in 150-mm x 25-mm gridded petri 
dishes with loosely fitting covers. Ohenat ion and 
organism counts are then accomplished by posi
tioning each petri dish on an overhead projector 
and counting the projected images of the brine 
shrimp on a screen. This is done both before 
and after incubation. 

$ Darkfield Quebec Colony Counter, Americm 
Optical Company, Buffalo, N.1'. 

as gills. These appendages flutter very 
rnpitlly w ~ l i c nthc. c~rganismis healthy, and 
the flutter rate decreases when the shrimp 
are distressed. No movement of the phyl
lopodia indicates death. Another sign of 
tlistrtxi nt ncar Icthnl concentrations was 
the clinging together of two or more shrimp. 

The results of the screening test are 
slio\vn i n  Tnble Y. 'I'hc!sc tests indicated 
that 14 innteriiils were not letlial to brine 
shrimp at concentrations of 10,OOO mg/l, 
12 were lethal between 1,OOO and 10,000 
ing/l. 13 wcrc lethal in thc range from 
100 I61 1 .IMO lllg/l, : I l r t l  15 W(T(! lct11:d at 
less thmr 100 nig/l. Of the relatively in
sulublc: inaterials, 12 were lethal a t  con
centrations below their saturation level i n  
seawater, and two phthalates were not 
toxic at saturation concentrations. 

Median tolerance limits. The results 
ol)tnined i n  the screening tests were used 
to cstublish the dosage concentrations to be 
w c x l  in determining the 24-hr TL,,,: 

-l_-l--.~ -. . ____ -. .-. 

:?'oxicity Knngr I)usqe Cuncentr;ition for TI.", 
img/l) Determinations (mg/l) 

>10,000 s o  TI., determination 

1,000-1 0,000 I ,000. 1.800, 5.200, 5,600. 10,000 

100-1.000 100, 180, 320, 560, 1,000 

<100 10, 18, 32,  56. 100 

<10 1, 1.8, 3.2, 5.6, 10 

>s;ituratioii S o  TL,determination 

<saturation ' 10, 25, 50, 75, 100';; of saturation 


The TL,, determinations were conducted on 
a dosage basis in the same manner as were 
the screening tests except that the rela
tiwly iiiso1iil)lc inntc~inlswere tested at 
v:iriciirs pc:rt*c*iit;ificss o f  s;itiiration. 13y 
11111 1  I i I I <  I I t ( *  1 u . 1 x . t - i  i I  ?;I I r \ . i \ . : i I  \ ~ ( - I ~ S I I S  I]IC* 
test c1os;ige coiicciitratioi) ( logru-ithmic 
s c a l ~ ) ,n straight line plot is obtained (Fig
iirc I O ) .  Vi(*rwicc.iitr:ition at wliich this 
line c'rosscs 50 perccnt survival is reported 
as the TL,>,. 

Thc JS-hr TL,,, for selected materials was 
determined for cwniparison with values re
ported in the literature for species of fresh
water organisnis (Table 1'1). Correlation 
on an order-of-magnitude basis for estai
sion of the results to freshwater situations 
seems feasible (Figure 11). Recent bio-
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TABLE V.-Tolerance Lin~itsfor Brine Shrimp TABLE VI.-Brine 
. --. .. . . --.-. . ._ 

-
24-1 11 TI,",

Compound Dmapt. ( m p j l )  

Acetic acid , 

Acetone 

Benzene 


Biitniiol 
I ?ir,hll t 3  Il1,l  

Tetrahydronaphthal'ne 78 
Toluene 33 
Vinyl acetate 45 

Screening test, TL, 100-1000 mg:l 

the 10- to 20-day p 
a partial oxidiltjol1 
a steadily rising c: 

> 10,000 nig!l. and possibl!~ c013 TI,, not precisely determined whcn scrccning tests intlic;ltcd it ~ i s  

assay tests with fathead minnows show 
even closer agreement. 

DISCUSSION 
Biodegradation. hlany definitions of 

biodegradation hnvr bccn prcscnt(d ant1 
discussed in the literature. Perhaps the 
least important of thcse is tlic <lcinoiistra
tion of some minor hydrolysis or osidation 
that cause the compound of interest to lose 
its chrmicnl  idcntity. rZ n1ow pr;lc.ticnl 
;II i d  usi*lrI I d(4iI i i l . i c  iii ( 1 1  I r i i  ,iIi*gt.:iiI:i Ii t  1 1  I is 
that point in destructive oxidation that re
sults in removal of objectional~lcpropwties, 
such as color, foamability, or toxicity. Bio
degradation LS defined in this study is the 
ratio of biochemically consumed oxygen to 
the stoichio~netricoxygen requircd to con
vert the carbonaceous portion of the ma

i 2 .  Journal WPCF 

tcrinl to carbon clioside and water. This is 

perhaps the most rigorous definition of . 

l)iotfc.~r;itl:ition. 70 


Tlirrc arc scvcrnl shortconlings in the < 60
tcst usrd. particularly as related to inter- . 0 

5 0 
prt~tiiig1 1 1 ~rrsiilts. First. tllnt pxrt c:f tlw z 

compound iiicoi-porated into cellular ma- E 4 0 
a
tr*ri;il is iiot incwi i rrd;  the 1)io-osiclatiolz a 

' 

I-
5 30to 1)c incrcBased appropi- Upcwc.iitngi~si ~ ~ r t l  
2

;itckly to obtain n biodcsgrildation value. V 

Also. t11(. titiic. liiiiitiitioii o f  20 tl:l!ls is 
I ) ; i v * i I  1 ) r i i i i ; i r i I > ,  I ) I I  l i t ~ i - i . i * c l i * i i I  ; i t i ( I  ~ ) r : i t * 

ticalit!.. lncompletc osidation might in-
t l i c i t r .  oiily that ;i niatcrial is dcgraclcd l-ery 
s1o\vI!- und c'r thc test conditions. 

Tlic.rc.forc. in intcrprcting r c d t s .  not 0 20 

BRINEonly bio-oxidation values at 20 c l a p  but 

also tlic shnpc of the oxygen uptake curve FIGURE lO.-'I 

must bc considcrcd. A flat time during limit graphi 
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TABLE VI.-Brine Shrimp Tolerance Compared with Freshwater Organism Literature Values 

.. --
Organism 

Acetic acid 
Acetone 

Bluegill 
Mosciuitolisli 

Benrcnc Iiliw~ill 

Uut:lllol I i -')[I .IS Vli~i i~cw~ 
Isol~llt:lllol I O  ?I1 2.1 G J l d l i h l l  

1,(100-1,100 I

1 
- Gudgeon 

n-Butyl acetate 150 44 18 Daphnia
Diethanolamine 2,800 1,850 i 18 Bluegill
Diethylene glycol . >10,000 >32,000 ! 

I 96 Mosquitofish
Ethanol >10,000 >8,000 I

1 
24 Gudgeon

Ethylenediamine 14 30-60 21 

Ethylcnc dichloritlc 

Formic acid 

Isopropyl acetate 

Methanol 

Methyl ethyl ketone 

Phenol 


n-Propanol 

Sodium lauryl sulfate 

Styrene 

Vinyl acetate 


I Creek Chub 

.;20 l'itilierdi 
410 
810 _-

I ):iphiiiii
-

10,000 8,000 Trout 
1,950 

157 
5,640 

22 
Bluegill 
Bluegill 

4,200 i ~._ j 200-500 Gudgeon 
-7

6 Y  i 33 I
, 

63 Fathead 
45 

I 
- I 38 Fathead 

the 10- to 20-day period generally indicates For the purposes of this 
a partial oxidation of all molecules, while study oxidation greater thin SO percent in 
a steadily rising curve indicates continued 20 da!ls generally iws  taken to indicate that 
and possibly complete oxidation given thc tnntcrinl W;IS I~iodcgraclablc. 

n 

0 20 40 60 80 100 
BRINE SURIMP TLm.mg/i 

s but BRINE SHRIMP SURVIVING. % FIGURE 11.-Comparison of brine shrimp 
curve 7 FIGURE 10.-Typical mean tolerance results with published data on various 
.uring 1 limit graphical determinations. freshwater organisms. 



Under the conditions impsed by the 
test procedure, a partial oxidation con
ceivably could result in an end-product 
that would not be degraded further by 
the organisms present in the initial seed 
but that would degrade in the environ
ment. For esample. the orgnnisms c;iplil)le 
of degrading some iliterrnediiite osiclntivn 
prodiict niight he so rediicecl in  iiiini1)er 
during the early st;igc of thc tc5t  (W11(~11 
tile ciicl-1m)Jtict coiicc:~itr;iti~iii\ v o i ~ l d  1)c 
low) t1i:it sii1xtanti:il osit1:ition of thc cwd 
product iiiiglil iiul I X  I J IM*~VC~I  t l r c .11i1~1c*r 
20-day time limitation. Evidence of the 
stepwise natrire of the osidntion of some 
iii;rtcriuls G L I I  IJCS C * ~ * I I  i l l  ~ I i c .  C I I ~ V I * S  111.r'

trieiits, growth factors, toxicant levels, and problem group 
temperature as we11 as  finding an inoculum tion with biodc 
that contains an organism capable of toxicity test r' 
growth on the material to be tested. A terial from ser 
wide variety of inocula were used in this vironment pol 
study. \!'liere unsuccessful, the results material is helc 
slioiiltl not I ) c b  constriled to inclicate that level and at t 

~I I oriprisriis tliat could dcgracle the ma- graded to c*: 

tcrinl csistcd in the environment. How- cellular mate] 
('\'('r, ~ ( ' ] N Y I l( ' t l  I l l  ISllCCK'SSflll ;llt(!lll1>tSto de- cffwts will 1~ 
\ * i * I i i l )  ; I I I  (*i i r ic : I ic*i l  C ' I I I ~ I I I I ~  cc:rt:iiiily W O I I ~ ~  A ~ I ~ J ~ ; A ' I ' I ( I N(iirrlic.;itc*t h t  t h i s  in;itciri;il shoilltl I)(! clnssi

{ ( i r  l J ~ i ~ ~ [ i c x il i c t t l  ;IS I~ i r~ i .c*s is~ ; i~~~ I)III-~XJSCS.  '1 ' lrc . - i ~ i ; i I i . i . i .  

The seawater 1)iodegradation tests were shipped ill de 
not pwfcirinc4 with thr intent to deter- aims of this I 
iiriric. 1 1 1 1 .  ~ : I I I .  i,!' i l i * < r : i c l : i I i i ~ i i  i l l  1111. (11x11 V ~ ~ I ) ~ I I I I ~ * I I I : I ~I 

oceiiii, Init to dcteriiiiiic the csteiit to which washings i n  
organisms capable of survival in the niarine reconimendat 
ei~vironmciitcould d c p d e  the materials. of tanker WYI: 
The bacterial content of the initial seed whether or 1
source would lie expected to ?>e higher able, so tha 
than that of the open ocean. The potential environment 
for shift of microbial populations in sea- exertion of c 
\%*;itc>rt i i ~ l e rlolmrnto:.y conditjons also was consequent i a 
rc.cogiiized. Howcver, tlic liiodcgadatioii arnouiit of t 
obtained wing this seed was judged to would be v 
provide strong evidence that marine species 20 days u s (
exist that could degrade the material. Discharge o 

In general, the extent of bio-osidation resistant anl 
during 20 days was less in the synthetic needs to be 
senwater than in comparable tests with Once a 1 

freshwater. However, 11materials showed degradable,
slightly higher final bio-oxidation percent- I

I that the loci 
ages. With respect to the five materials ; below the 
that had significantly lower bio-osidation persioii ope 
percentages, acclimation or enrichnient of of material 
sr;iw;itc*r ciiltiirc!s would need to be at- ' water 11s~r;
~i*ii~li~i.iIl r r . i i ~ r  Io cli,;i\.viiiv, ;iiiy l i n i i  C Y I I I  I I I!. 111I I I I 1 i i  I I!, 
clusioirs \\.it11 rcspcct to 111c 1,ioclcgrd- nierged disc 
ability of these materials in the iiiarine resulting frc 
cwviroiini(*iit. moving vcs 

Urine sliriinp bioiissays. V i i !  brine ratc i n  tl ic
shrimp 1)ionss;iysperforniecl in these studies calculate th 
were acute, static toxicity tests. The prin- the ocean x 
cipal difficulty associated with this type of charge of 
testing is the tlevelopnient of appropriate cerrtratiorr II 
application factors to be used with the test tJ3xicI-c !e.*.; 
r(aiiIt itot oiiIy to iivojd lethal t1osc:s of the zz,!2x:f,?;--"niatcrial h i t  also to preclude disruption of &-* _.-b-cL 

the reproductive cvcIe of marine organism-.
& -

Recognizing this inadequacy, the result 
obtained srme the purpc~seof identifying 

sented, such as that for styrene in F i p r e  1. 
A shortage of growth factors, which could 
be replenished in the natdra? e~n~ironnieiit, 
also could contribute to lower degradation 
levels. 

The shapes of certain curves, such as that 
for ethylenedianiine in Figure 3, raise a 
question reg:irding the validit\. of the 
direct application of a seed os!*gen uptake 
correction. The percentage of oxidation 
going through a maximum is believed real 
and probably results froin a difference in 
oxygen consuniption rate by the seed nia
terial in the presence of a test chemical and 
alone in the seed bid. 

The generally steep nature of the BOD 
esertion curves in Figures 2 through 8 in 
the region around 5 days points up the 
danger of relying on the 5-daY test as an 
indicator of biodegraclability. A small 
chnngl;c. in  the stntc of :~cclim;ition(for es-
X I I I ~ ~ C ,i.crl;ilivc: I I I I I I I I N - I . ~  01 :,jx.c.ic.s : r l i c l  

presence or absence of adaptive eiizynies ) 
of the seed can cause esireme variations 
in the 5-day resnlts. 

Even though the secd 111;iterial iised i l l  ;I 

test contrii  ns species eip;il)11~of degrading 
a material, the 20-day time limitation may 
not be snfficieiit to permit adequatepopula
tivn shifts and clevclopiiieiit of adaptive 
enzymes. Prior acclimation of the seed is 
inteiitlecl to wrich t h r  C i i l t i i r c  with spc&!s 
that can degiade the test material. The 
necessary coniponents of successful acclinia
tion include providing proper environ
mental conditions with respect trJ pH. nu-



problem groups of materials. In wmbina
tion with hiodegrad:ition tr*st w s i  ilts, :i(*iI I 1. 

toxicity L-SI ~~c-siiltsC ~ I Ic * l i t i i i i i ; c ( c .  i t  i i i a 

terial from serious consideratioI~as :in en
vironment pollntant. For i*s:iiiipli*. if ;I 

inaterial is licld well below i t s  wutc toxicity 
level and at the same time is rapidly (I(?
graded to carbon dioxidc, water, and 
cellular materials, CY)DCL'I'II about cliroiiic 
efFects will be negligible. 

APPLICATIONOF RESULTS 
The materials evaluated in this study are 

shipped in deep-water tankers.!; One of the 
aims of this study was to evaluate the en
vironmental impact of disposal of tanker 
washings in the open ocean. 1 1 1  iiiaking 
recommendations regarding ocean disposal 
of tanker washings the principal concern is 
whether or not the .material is biodegrad
able, so that buildup of residues in the 
environment can be avoided. The rate of 
exertion of oxygen demand is certainly in
consequential in the open o c x y i i i ,  x i i d  tlic 
amount of time ;illowed for degradatioii 
woiild be vi:ry Iotig coiiipiwcl wit11 tltc* 
20 days i isc~l in tlw tc*stiiig I ) r o ( ~ i v l i i r ~ * .  
Disclturgc ui' itiuterials idciitifiec! as bio
resistant and subject to bioiiiagnification 
needs to be virtually eliminated. 

Once a material is determined to be 
degradable, the other principal concern is 
that the local concentration be maintained 
below the threshold toxicity during dis
persion operations. Data on the amount 
of material remaining in tanks, the wash 
water use rate, the initial dilution induced 
by pumping the wash water through a sub
merged discharge line. the clisprrsioii r;itc> 
resulting from turbulence imparted by the 
moving vessel, and the iiatural dispersion 
rate in the ocean are required in order to 
calculate the co~icentrationof chrmical i l l  

the ocean wattkr at any time d t c r  the. (lis
charge of washi~ig residues. l'Iiis wn
centration must be conipared with the acute 
toxicity level, iidjustcd by a11 ap1)ropriatc 
application factor, in  order to insure that 
localized toxic conditions are not developcbd. 
Dispersioii practices in the tanker fleet have 

II Union Cwl)ide, Nrw I 'd ,  k'. I'. 
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should provide an order of magnitude esti
mate of toxicity. 

CONCLUSIONS 
Wit11 iiio[Iific;itions in proccdurc! inclnd

ing periodic reaeration, nitrogen analyses, 
direct pure compind injection, and piire 
oxygen sparging, the standard ROD test can 
be used as a relatively simple, yet reliable,
t<:chliiquc: Tor scrc:c:niny: thc biotlegrd
ability of soluble ,and marginally soluble 
petrochemicals in both fresh- and seawater 
Ctl Ivi I’( J I I I I IC I I Ls. 

A 20-day test period in the dilution-
bottle BOD system is significantly more 
meaningful and reliable than the shorter 
5-day test in evaluating the biodegrad
ability of petrochemicals. 

On an overall basis and &thin a class of 
compounds the rate : i d  extent of deg
radation generally decreases with increas
ing molecular weight, particularly when the 
number of carbon atoms per molecule ex
ceeds six; at carbon nuinbers less than six 
other factors such .as substituent groups, 
branching, and types of linkages seem to 
exert dominant influence on the rate of deg
radation. 

Acclimation of microbial seed to yield 
significantly greater than 50 pchrcent hio
osi(l;ilio i i  i i i  8O thys  w;is siic.c.c:ssl’~~lf o r  
L c I i ~ . c I i l * ,i*tliyl;ic~.yl;ilc.,viiiyl : I ~ . ~ * I : I I ~ . ,Iit*sVl 

ene glycol, two ethylenei1millcs, m i d  three 
polyglycols, all of which were rdatively 
resistnut to  tlcgrac1;itioI I iisii ig ;i ( 1 1  i i  I ic-sliv 
wastewater seed. 

For most of the petl.ocllcmi::nls c.vnluntec1. 
tlic rate of degratlatioli i i i  t l i c - syiitlic:tic 
seawater environment was slower than the 
rate observed in the freshwater systenl. 

Brine shrimp provide a rapid and precise 
means of evaluating the acute tosicity of 
petrochemicals in the seawater environ
ment, for example the TL,,,value for the 
staiidartl sotlimn lauryl suifntc :ivemgc:tl 

magnitude \dues of acute toxicity to fresh
wate species. 
. The biodegradability and toxicity data 
developed in these studies can be used to 
evaluate operations for dispersing tanker 
w;tsIiiiigs i i i  t l ic opm oc[:;iii, LOc-:stimatethe 
effects of accidental spills on receiving 
waters, to project oxygen demand loads on 
biolo_sic;d treatment systems, and to judge 
thc 1,iologicnl treatability of petrochemical 
W:ISI(-S ci i I ;iii i i i is L 1 IC: t C*SL t:1 it:^ iiicxils. 
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320 RALSTON ET AL. 

one of these. methyl ethyl ketone (MEK), en
hanca the development and increases a,e 
verity of neurotoxic signs associated with y
diketone precursors such as n-hexane (Alten
kirch el al., 1982: Takeuchi el 01.. 1983), 

n-butyl ketone (MnBK)('OUri 
978)* and ketone (oDonoghue 

ef a)., 1984). Similarly, the enhancement Of 
neuropathic changes has been observed in or
ganotypic Culturesof fetal mouse spinal cord-
dorsal gangtion-muscie when these tisues 
were co-incubated with MEK and n-hexane 
(Veronesi et ai.. 1984). One explanation isen
hanced biotransformation of the precursor 
hexacarbons to >,5-.D in the presence of 
'IEK* A 'Iudy which showed SeNrn 

Of when coadministered 
MEK (Abdel-Rahman d.. 1976) could be 
an alternative explanation for the potentiation 
of toxicity.

The study reported here was conducted to 
determine what influence, ifany, MEK would 
have On the relationship between the appear
ance of clinical neurotoxicity and the presence 
of 2,5-HD. The results are discused relative 
to a presently proposed explanation of a cu
mulative incorporation of 2,5-HD into the af
fected axons with irreversible binding to neu
mfilament proteins (Graham et al., 1982a,b). 

METHODS 


Male F-344 m s  (Harlan Industries, Ind.) weighing be
tween 200 and 320 g were used. Rats in any particular 
experiment were from the same stockshipment: however, 
this was not always true for intentudy comparisons. Rats 
received Purina Rat Chow (Ralston Purina Co.. St. Louis. 
Mo.) and water ad libirlcm and were maintained bctween 
20 and 26°C on a I2-hr light/IZhr dark cycle. Ran were 
dosed onlly with a 3-in.. IS-gaugecurved feeding needle. 
They received doses of I m1/100 g body wt ofcithtrdeion
ized water (DI water). MEK.2.5-HD. or 2.5-HD + MEK 
i n  DI water. 

2.5-HD (Eastman Kodak. Rochester. N.Y.)was ana
lyzed with a 5985 Hewlett-Packard gaschromatography
m a s  spectrometer and found to be grcaterthan 95% pure. 
Radiolabeled 2,5-I I .C'4C]hexanedione(2.5-["C1HD) was 
custom synthesized by New England Nuclear (Bos:on.
Mass.)and had 3 specific activity of 1.55 mCi/mmol. 
Working solutions of 2,5-11'C]HD were made by diluting 
Z.S-[''C]HD with unlabeled 2.5-HD. Microliter quantities 
were counted in a liquid scintillation counter, and the re

sultantspccific activity wasdetermind. MEKWherSci. 
entificCo.) was Fisher Certifiedgrad&All OthercherniN 
were reagent grade. 

NRcrobehaviorol 

A xnsorimotor behavioral battery consisting of 
emple-rcflcx its& hind-limb grasp and fiind-[imbplaa, 
and two more complex function t e  balance b m  and 
aecelmting rotorod performance. was used for early iden. 
tification and quantificationof neurologicaldeficitsleading 
UP to the weiMoFumentcd end-paint of bilateral hind-
limb drag (Spencerel 131.. 1980). The t s w e r c  Performed 
biweekly at least 20 hr following the Ian dose of test rub. 

to avoid cenual newow synmeffms. 
Twenty rats were randomly arrignd to four groupsor 

five animals each and dosed 5 days/week by gavage. Con. 
t r ~ l ~were given DI water. The MEK. 2.5-HD + ?JEK, 
and the 2,5-HD-alone groups iniriauy were .given 4.4 
mmol oftheappropriatesolvent per ki1-m perday(4.4 
mmol ofeach solvent in mixed group) for 8 days. At by
9. 	 the doses were reduced to 2.2 mmol/kg/day (due 10 
rapid weight loss in the combined-tmtment group) and 
continued at that concentration for the remainder of the 
study. Were weighed and ~Va!uared biweekly. The 
animals were acclimated to the neurobehavioral tasksfor 

weeks prior to he initiation ofthe dming ,. 
Hind-limb grasp, hind&& plact. and balance beam 

taskswere performed as described by Steman and S h e  
pad (1982).The acceleratingrotorodconsistedofan ow* 
top box. measuring 34 in. long X 12 in. wide X 18 in 
high, with a plastic screen.cove& Qin.dia 
in.-long [mated with ib longitudinal 
above the floor ofthe box. The rod sumounded 4 b  

control(PAMSC)linkedtoa 1/15-hp, 115-V,I E A B W  
Gearmotor which turned the rotorcd by a belt drive. Tk 
rats were placed on the rod having an initial 
rpm and then accelerated linearly to a maximum O f 3  
rpm over a period of 4 min. The scoringof the n e u m b  
havioral tasks was as follows. For the hind-limb p l a c e d  
grasp reflexes. the number of successivepositive rcSp0
at three trials/day rcsulted in a score of up to 3 pOinU 
test day. For the balance beam.the score was the avrngc 
best two of three trials per test day, up to a maximumd 
30-sec duntion on the beam. A r a t  period of 10 min * 
used between trials to eliminate effects of fati 
on the accelerating rotorod was the time re 
the rat fell from the rotorod, up to a maxi 
sec. Due to the length of the latter test. only one rriP 
animal per test day was conducted. 

Time Course of2.S.HD 

Two groups of I O  raU each wen given either 
2.5-HD or 2.2 mmol 2.5-HD plus 2.2 mmol 
day. Subgroups of 5 animals each were desi 
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POTENTIATION OF 2.5-HEXANEDIONE TOXIClTY 

@te\y or rcpcJtcdly treated rats.Repeatedly treated mu 
dosed for 6 dayspnor to the tming. Twenty-two hr 
10 2.5-HD dosir?%the rats were anesthetized with 

111 ip dost of keramine (49 mvmi) and xylazine (1.8 mg! 
in a dosing volume of 0.1 mI/tOO g body w. The teff 

wllrl portion of Ihe neck was shaved and the external 
j,&v vein isolated and nickad:a =-gauge &in. cutdown 
afieter ( k r e t  CO.. Sandy. Utah)was inxned with the 

resting just superior to the +!$I atrium. The catheta 
(hi(& with 10% heparin in isotonic saline) was ligated in 

pppl~cr.the incision closed. and a Velcro jacket fitted to.g2 protea the surgw. The folilouing morning. rats were 
$$.midwith either 2.5-HD or 3-HD -+ MEK.Serial blood 
u
4

+. o m p l a  of 150 pl were drawn ai intervals over the next 9 
hr. The catheter was refilled with 75 pl of 10% heparin 
foilowing each sample withdrawal. Blood was placed in 
QF- -,!plasticVialsICobasSampie f u p r  Roche Analytic. 
NUL...N.J.). and stored at -4O’C umil analysis. $ass of 
2.5.liD from the blood due to n o q e  at -4OOC uias ex
amined by fmzing diqUOf5 of Mood laken from a separate 
2.5-HDtxated rat and analyzed over an 8day period. 

s!;
B l d  I,S-HD was determined in a Hewlett-Packard 
qg 58MA gaschromatograph with a 1.8-mX 2-mm-id stain

uot ofa 0.2 ml mexbyl n-butyl ketone/l mi 
was added as an internal standard (IS) to 

sample from an exposed rat, and standard 
5-HDwere made From rat blood of unex

.d by peak height ratios to aandards (2.5-HDIS) 

by Simpson’s rule. 

lie vJ Radiolabd inro tVeiira1and Sonneitral Tissues 

Cmrw uJrrearmenr.Rats. in groupsof 15. were treated 
mmol 2.5-[’’CjHDlkglday 
2.2 mmol MEK/kg/day for 

pitation. neural and non

p 72 hr followng the last treatment 

laments /.om ~iiaticnerve and 
s, including the tibial nerve, ex

(nrJingfrom the iliac crest to the distai end of the tibia. 
~.y-t* excised bilaterally. These wen immediately placcct1s 
UT-.. _.... 

in cold isotonic saline and dtsheathed of adhering muscle. 
fat, and perineuralcomponents by gentle proximal to distat 
retraction of the tissue with fine forceps and iris scissors. 
The nerve was blotted dry. weighed. and further processed 
bythtmcthodsofSchlacpferandFFeeman (1978)tooblain 
a crude homogenate (peripheral nerve I: PN I) and a neu
rofilament-enriched fraction (pcriphelal nerve 11: PN 11). 
This procedure required subjecting the nerve to osmotic 
shock by placement into 3 ml of hypotonic buffer [LO 
mM EDTA. 2.0 mw ethylene glycol bis(&aminoethyl 
ether)~’,i~-taraaceticacid (EGTA). 1.O mM sodium 
phosphate buifer. pH 7.01 as described by Schlaepfer 
(1977). The final neurofhment-cnriched pellet was re-
suspended in 350 rl of phosphate-buffered saline (PBS; 
100 mM NaCI. IO mM sodium phosphate buffer, pH 6.7) 
to maintain neurofilament integrity (Schlaepfw. 1978). 

The vertebralcolumn alongwith adhering musculature 
w;ls removed from C2 to L7 and severed at L I .  Cord seg
ments. expelled by forcingcold isotonic saline from a 10
ml syringethrough the vertebral foramenae. were stripped 
of rnembnnes and vasculature. blotted dry, weighed, and 
pmccssed just as the peripheral newe to obtain a crude 
spinal cord homogenate(SCI) and neurofilament-enriched 
spinal cord fraction (SC11). 

Blood sentm. Serum was obtained from whole blood 
which was collected in a 12 X 75-mm culture tube, allowed 
IO clot. centrifuged at 3000g/lOmin. and transferred to a 
clean tub. 

Liver hornogenares. The liven were removed. blotted 
dry. and weighed. A I-g sample was taken and placd into 
a I5 X 155-mmglassculturetubewith9timesthevolurne 
of cold hypotonic buffer and homogenized for 30 %c 
(Brinkrnann Polytran. Lucerne. Switzerland). 

Analysis Aliquots of PN I. PN 11. SC 1. SC 11. serum. 
and liver homogenate fractions were removed for protein 
determination and total and trichloroacetic acid (TCAk 
precipitable I‘C activity. Protein in peripheral nerve and 
spinal cord fractions. serum. and liver homogenates was 
derermined by the method of Lowry e! al. (1951) with 
bovine serum albumin sundards from 0. I to 1.0 mgml.
T d  “Cactivity of the various fnclions wasdetermined 

by solubilizing 100-pl (SO pl for serum) aliquou in 600 pl 
of tissue solubilizer (Protosol,New England Nuclear), al
lowing them to stand overnight with subsequent addition 
of scintillation fluid (Econofluor. New England Nuclear), 
and counting them in a F’ackard Tri-Carb 2660 liquid 
scintillation system with internal standardization. 

TCA-precipitable “C activity was determined in the 
Same manner except that 2.0 ml of 10%TCA was added 
to the samples in 12 X 75-rnrnglass culture tubes which 
were allowed to stand overnight. Thesewere centrifuged 
at 3000gfor 20 min. the supernatant fraction was deunred. 
and the iubes were drained over absorbent paper. The 
proiein pellets were solubilized and counted as described 
for total activity. 

Sraf isrics 
Analysis of variance (one-way ANOVA) and small 

sample f m 1  for significant differences between treatment 

I t  
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means wen: calculalcd with an EPSON QX-IO dak-top 
computer using Minmtat (Ecosok Inc.. Ind.) software. 

RESULTS 

NettrobehavioruiPedormance in Treated Rals 

Rats treated with 2.3 mmol each of 2,S-HD 
+ MEK/kg/day demonstrated earlier deficits 
in the simple reflex tasks,hind-limb place (Fig. 
1A) and grasp (Fig. 1B), than those rats treated 
with 2.2 mmol Z,S-HD/kg alone. Animals 
given DIwater (controls) or 2.2 mmol MEW 
kg/day alone retained reflex& throughout the 
experiment. Sirnildy, animals receiving the 
combined treatment exhibited earlier deficits 
in performance on the balance beam (Fig. 2) 
and the accelerating rotorod {Fig. 3) as com
pared to rats receiving HD done. Consistent 
with the earlier deficits in neurobehavioral 
performances. the 2.5-HD + MEK group de
veloped bilateral hind-limb drag in about one-
half the time as the rats treated with an equi
molar dose of HD alone (Table 1). 

Blood Concenrration and Elimination of 2.5-
HD 

Blood clearance of 2,j-HD in rats treated 
once (acutely) or repeatedly for 7 days with 
2.5-HD + MEK was slower than that in rats 
treated with an equimolar dose of 2.5-HD 
alone (Fig. 4). There were no sigriificant dif
ferences in blood amounts of 2,5-HD between 
treatment groups up to 1 hr postadministra
tion, indicating that the addition of MEK does 
not significantly alter the gastrointestinal ab
sorption of 2.5-HD or its volume of distribu
tion. From 2 to 9 hr postadministration. elim
ination of 2.5-HD was slower in the presence 
of MEK.Rats receiving 2.5-HD+ MEK, ei
ther once or for 7 days, had a greater AUC 
than rats receiving 5 H D  alone during that 
time period (Table 1). 

A relative treatment ratio was calculated for 
each time to effect the parameter by dividing 
the days required to observe the effect with 
2.5-HD + hlEK by those required with 2.5-

FIG. 1. Simple reflex stores The avemge simple refia 
scores are plotted against days of e x p u r e  to MEK LS. 
HD (---), 2.5-HD -+ hlEK (-1 and water vehicle controls 
(See Methods for doxs 3nd treatment schedule.) MEK 
and control animals are represented by the extendeddotted 
line at the top of esch graph. (A) Mean daily score f SE 
(ban)for hind-limb place by treated and control rais. (B)
Mean daily SCOR i-SE(bars) for hind-limb graso in treated 
and conrrol rats. The initial statistically significant (p 
c 0.05.) differences between treated and control rats arc 
indicated by a single anerisk (it is to be understood tha1 
significantdifferencespersisted thereafter.) The initial sa
tistically significant (p < 0.05) difference between cOm 
b i n d  treatment and 2,S-HD alone is indicatedby a dou* 
asterisk. The data representthe mean values for 5 animb . 
( n  = 4 after days 45 and 83 for 2.5-HD+ MEK and 2.5-
HD-donegroups. respectively). The average day to 0
of bilateral hind-limb drag for each group is indicated ~ 

asterisks and standard error bars parallel lo the abxim 
(c 4. 

HD alone. The treatment ratio for bloo 
HD elimination curves was determined 
ratio of the reciprocals of the AUC 
ments. The relative treatment ratio 
robehavioral performances, ranging 
to 2. I (Table 1). are consistent with 
for the time IO onset of hind-limb 
ratios of the reciprocals of blood AUC 
similar to rhose for hind-limb drag. 

Rerention of Radi($aDd in Neural and NO 
neural Tissues 

Preliminary studies in this 1abontorY 
indicated that 72 hr following cessati 
chronic treatment with 2,5-[14C]HD th 
jority of the total label detected in the n 

' 
: 
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in animals receiving the combined treatment. 
The AUC of 2,5-HD in the 2,5-HD + MEK 
group from 2 through 9 hr postadministration 
was greater than in those rats treated with the 
2,S-HD alone. When a neurotoxic ratio was 
calculated (Table 1) comparing the AUC of 
2,s-HD + MEK to 2.5-HDalone. the values 
of acutely and repeatedly treated rats were 
consistentwith the neurotoxicratios calculated 
for the neurobehavioral performances and 
onset of hind-limb drag. The relationship of 

& blood AUC to neurotoxic endpoint has pre-

E viously been demonstrated by Krasavage et 
8'. F ~ ~ .1. Balance beam performance. The average ~ a n c e  al. (19801, who demonstrated that the AUCE-. 	 .wformance scores(sec)of mts tmied with vehicle for b1o.d 2,5-HD following exposure to equi-

E d a
~nuoIs ) ,  /nojar amounu of hexane, 2-hexanol. MnBK.MEK. 2.5-HD. or 2.5-HD + MEK are P l o ~ ~ ~  

days of cxposurc. The dam are presented as dc
1 .in Fig. I. (n =: 5.)

E 
'&SUeS, blood Serum, and liver recovered
FinTCA-precipitable fractions. than 5% 
f ~f the total radiolabel detected was recovered 
Fin the  total lipid fractions of neural tissues. 

were in the present 
e.ma:. wherein 7010 1m%ofthe total labe' 
Edexected in these tissues was recovered in the 
ET=-precipitable fractions. Within each 
gntatment group, there was a general increaseE acrivity over time (Table 2). Weekly com-
Ewsons demonstrated a limited number of 

gnificant differences within tissue fractions 
b e e n  treatment groups (Table 2). By Week 
3. b e  combined-treatment group had a lesser 
am' 1 of radiolabel associated with the neu

gE-'DfiiL.nent-enriched fractions of peripheral 
Ennerve (PN 11) and spinal cord (SCII), spinal
Earrd crude homogenate (SC I), blood serum, 
Gand liver homogenate.
rrr

E-
* 
+i DISCUSSION 
"t' 
T Cs.
E R3ts treated with the combination of 2.5

%% 4 MEK developed neurobehavioral 
.% m- decrements and hind-limb drag
$3-*-flier than rats treated with an equimolar3QSC of 2.5-HD. Enhancement of 2.5-HD-in.--_ 
-&d ' ~neurotoxicity by MEK could be cor
.---?@fartd with hi&er tissue exposures of2,s-HD.-.
*a". 


-. 
t
.fW._

2.5-hexanediol, 5-hydroxy-2-hexanone, and 
2.5-HDwas proportional to the days required 
to develop hind-limb drag, 

Reduced blood clearance of 2 5 H D  in the 
presence of MEK suggests that 2 , 5 4 3 ~elim
ination was reduced, presumably by compe
tition MEK and 2,5-HD for meta
bolic pathways. Fol]owing treatment with 
MnBK, 2,5-HD has been shown to be elimi

from rats and guinea pigs either in a 
conjugated or as free 2,5-HD. Acid hy

.....................,............20Y 

-270 

1 ,20 1.. 
f 

-1s s 
E t 

rx. 
P w r  '1, 

30- - in ,  
.t+FU 

-&I i o  2-�J0 
W E  (-1 

FIG.3. Accelerating rotorcd performanrr. The average 
~ of nuacceleratingrotor& performance S C O ~or(~ m )

uuted with vehicle (controls). ME% 2.5-HD, or 2.5-tlD 
+ MEK aR againa days of exposure^ data 

prevnted asd - w  in the legend to fig. 1. On Days 
72 and 75. a slight performance deficit cccumd in 1 nt 
treated with MEK, Each treatment group had an n = 5. 

, ,  
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Neurobehaviod prformanm at 
509' of controls (days)d 

GWP 
Place 
Balance bcam 1
Accelerating rotarod 

Arca under the blopd curve (2-9 hr) 
Acute [(&mi) X hr] 
Repeatedly [(pg/ml)X hrj 

66.7 t 1.7 39.8 2 1.0' 
66.0 t 1.7 34.02 1.0' 
65.6 2 1.8 36.6 2 1.4. 
47 6 2 2.4 23.0 z2.1' 

456 81 1 
5 49 860 

a Ratio ofdays of HD alone IOHD+ MEK prnetcn or AUC rados of 
' 
HD + h4EK blood to HD 

*Totalnumber ofdays to the onset of bilateral hind-limb drag 2 SE. 
Number of doses(S/wetk)to reach the average onset of hind-limb drag. 

d . F - t  SE. 
Significant difference ( p  < 0.05)between ucatment groups (ANOVA). 

drolysis of the urine enhanced the recovery of 
23-HD from rats exposed to n-hexane (Baker 
and Rickert. I98 I ) ,  indicating that a substan
tial portion was conjugated. When guinea pigs 
were treated with 40 mg MnBK ip. 120 mg
MEK ip, or a combination of she two, the 
amounts of nonhydrolyzed (0.3 mg)to hydro
lyzed (2.0 mg) 2S-HD recovered in the urine 
of MnBK treated animals shift to 2.9 and 1.8 
mg, respectively, upon concomitant treatment 
with MEK (Couri et al.. 1978). Although the 
absolute amounts of 2.5-HDeiiminared in the 
urine increased upon coadministration (in ad
dition to the urine volumes), the ratio of con
jugated to free 2.5-HDdecreased. In addition. 
the ratio of conjugated to free MEK in the 
combined treatment decreased when com
pared to amounts recovered in the urine of 
animals treated with MEK alone. 

The reduced 2S-HD clearance in the pres
ence of MEK suggest that MEK may be com
petitively inhibiting 2.5-HDmetabolism. This 
is consistent with earlier evidence of Abdel-
Rahman el al. (1976) who demonstrated that, 
upon exposure to MEK plus MnBK, blood 

MnBK amounts increased with 
exposure (days) while MEK qu 
creased. 

Most of the label in neural and no 
tissues taken 72 hr following the last 
2,5-[I4C]HD was in the TCA-precipita 
fraction. thus bound to urotein as opposed to 
lipid. Measurement of radioactivity in these 
specimens does not differentiate between par
ent 2.5-[''C]HD and its radiolabeled metab 
olites. Several possibilitiesexist concerning the 
resultant molecule(s) that have radiolabel aS 
part of their molecular structure. The fiM 
possibility is that the label is still attached 10 
2.5-HD. which is covalently bound to 
amino group, forming an imine or enamin& 
The second possibility is that following bind
ing, rearrangement has occurred with thesub 
sequent formation of 2.5-dimethylpyrrole ad-
duct (DeCapnoand Weber, 1981).This laWf 
reaction forms the basis for the hypothesis 
adduct formation on neurofilaments wi 
subsequent protein crosslinking (Gnham 
of.,19S2a.b). The third possibility is that 2*5* 
HD is metabolized (in the liver) prior 10 bin& 

L 
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POTENTIATION OF 2.5-HEXANEDIONE TOXlcm' 

lower than in nerves taken from animals ex
posed to equivalent concentrations of n-hex
ane alone. The finding that MEK enhanced 
2,5-HD-neurotoxicity provided a means to 
examine the hypothesisthat hexacarbon neu
rotoxicity is dependent upon the cumulative 
Formationof 2.5-HD-derived adducts on neu
rofilaments. Few &Refencesin the amount of 
radiolabel associated with neural tissues were 
found whether expressed as equivalent nano
moles of 2,5-HD per milligram of protein 
(Table 2) or totai activity per gram of tissue. 
Exceptions involved a comparatively lesser 
amount ofactivity in the combined-treatment 
group versus the 2.5-HD-alone group. These 
differenceswere m o s  evident during the third 
Jr
week of administration. By that time perfor

' O 2 I  B 

-	 FIG.4. Blood time course of 2.5-hexanedione. Concen
&ti - of 2.5-HD in the blood from rats administered 
ah:. .HD (0) either (A) acutelyor2.5-HD -+ MEK (0) 
01 {B)for 7 days a n  pioned versus timeafter administra
tion.&ch point 2 SE representsthe average 25-HD con

tion in 5 naive and 4 presreated rats. Statistically 
ihcam ( p  < 0.05) diffexncts between naive and pre

lalsgivenLS-HD alomare represented by asterisks. 
d l y  significant ( p  c 0.05)differences W e e n  naive 

reated rats given 2.5-HD + MEK are represented 

'iolabel is then removed by decarbox
~ L I ,  with the resultant I4CO2incorporated 

$ji&lo the de novo synthesis of neural and non
,aturaI proteins. The basis for the suggestion 
,s,tha!2.5-1 1,6-I4C]HD may be metabolized to 
.X,&

%'YO2comes from a repon by Angslo ( 1981)...ax-
- *
.+a~- The enhancement of 2.5-HD-induced neu
;"
3.mPathy by MEK was not reflected by an in

-d binding of radiolabel to the nervous 
&ues or their respective neurofilament-en
khtf :ctions. This observation is consistent-*& .a of White and Bus (1980). who 
*owed that 2.5-HD quantities in the sciatic 
mesof rats acutely exposed to the combi
nation of n-hexane plus MEK were actually

:'.:-,--
7:r.--. .. .  

mance scores on the accelerating rotorod of 
the combined-treatment group were approx
imately 50%of controis while ratstreated with 
HD alone were not significantly different from 
controls. Therefore. rafs treated with 23
[I4C]HD 4- M I X  for termination and tissue 
analysis were probably experiencing a neuro
logical deficit. In addition, nonneuraI tissues 
such as serum and liver showed a similar 
amount of recovered radiolabel. These re
sponses were consisrent with a study (De-
Caprio w al.. 19831 that found pyrrole for
mation in hen semm peaked and then declined 
despite continuous 2.5-HD administration. 
These hens were dosed with 70 and 200 mg 
2,5-HD/kg daily, with the high-dose group 
pyrrole amounts peakingand decliningearlier 
than the lowdose group. This would be similar 
to our study in which the 2,5-HD 4- MEK 
group would be considered analogous to the 
high-dose group of DeCaprio el al. ( 1  983). -
MEK may comperewith 2.5-HD for critical 

and noncritical binding sites at the target neu
rofilament proteins. Aliphatic ketones bind 
with primary amino groups of proteins and 
other model compounds in vitro (Damodaran 
and Kinsella, 1980: Anthony ef ai.. 1983: 
DeCaprio ef a/., 1982). Although only the y
diketones have been demonstrated to form 
substituted pyrroles. i t  is conceivable that the 
nonneurotoxicketone MEK may compete for 
the binding sites with 2.5-HD. Unpublished 

2 
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EQUIVALEM nmol2,5-HD/mg OF TCA-PRECIPITABLE TISSUES OF hn .:,;;PROTEIN IN NEUUL AND NONNEURAL 
:r:TRUTEDWlTH kS-["C]HD ALONEOR IN COMBINAnON W6TH METHYL ETHYLK�TONE' ,.... . . 

,: 
ii,weeks of treatment 

, s**_ 

Tissue Treatment 1 2 3 -

PN 1 HD 5.542 0.54 9.25 k 0.55 13.39 0.9l e  
HD i-MEK 7.402 O.l? 9.88 f0.59 14.642 1.36 

PN 11 HD 
HD f MEK 

6.852 1.50 
14.622 2.60' 

19.392 1.72 
16.10f0.63 

sc 1 HD 
H D i  MEK 

4.842 0.18 
3.66 t0.13' 

1.61 f0.20 
1.092 0.25 

sc 11 1 . HD 3.22f0.26 4.93f0.21 

HD t LiEK 3.18 f0.25 6.51 k 0.23' 
Blood serum HD 5.38 5 0.26 7.84 k 0.27 

HD A MEK 5.84 rt 0.23 6.30 +- 0.11' 

Liver homogenate HD 
HD f MEK 

6.31 2 0.20 
5.25 .c 0.32. 

8.20 k 0.32 
7.67 f0.21 

* Average activity (from 1.5-["C]HD) expressed as nmol 2.5-HDlmg protein fSE;n = 5 except where noted. 

* PX 1. peripheral nerve crude homogenate: PN 11. neurofilament-ennched fraction of peripheral nerve; SC I. s p i d  
cord crude homogenate: SC 11. neurofilament-enrichedfmnion of peripheral nerve. 

= 4. 
Statistically significant ( p  0.05)differences ktween treatment groups (ANOVA). 

studies from this laboratory have shown that 
when MEK. in varying amounts. was incu
bated with a mixture of Z.j-[''C]HD and bo
vine serum albumin in vim,the amount of 
covalently bound 2.5-[ "CIHD increased with 
time but varied inversely with the amounts of 
added MEK. This suggests that MEK com
petes with Lj-HD for binding sites. The ques
tion then arises as to whether 2.5-HD and 
MEK compete for the same binding sites or 
if 2.5-HD binds to specific sites unavailable to 
MEK and also to general sites competing with 
MEK. Thus, MEK may compete with 2.5
[''CIHD for noncritical sites thereby filling 
mainly critical sites with available 2.5-

HD clearance in the presence of MEK may

be the primary mechanism. These studies neb 

ther prove nor disprove the adduct-neurofil-. 

ament hypothesis. Unless the 

number of critical sites on the t 

ament proteins. and these were masked by a 

relatively greater number of noncritical radio-

labeled sites. the data do not support the h 

pothesis that the neurotoxicity of y-diketon 

is dependent on the quantitati 

incorporation of 5 H D  in target neural tiWJ 

neurofilaments. 
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Petoxification of 

specific organic substances 

by wet oxidation
-
ripton L..Randall and PauI V. Knopp 
p p r o  IIIC.,Rothschild, Wis. 

_-
f ie  discharge of toxic compounds into the 

Byimnmcnt has emerged as a topic of mount
iag mncern in recent years. Numerous federal 
bat have been enacted to control the dis
ebprge of these compounds. These laws in
a e  the Federa) Water Pollution Control 
,@ (PL92-500).the Toxic Substances Con-
ad Act (PL 94-469),the various manufac
&g point-source effluent limitations of the 

Water Act (PL 95-217),and others, 
*present status of the U. S.Environmental 
b-kction Agency's (EPA) toxic material con-
W'strategy has been reviewed recently in 
&'Journal Water Pollution Control Federa
ai.Of interest was the list of 65 com
p d s .  or classes of compounds, published in 
cconsent  decree of Natural Resources DeeCouncil v. Train (8 ERC 2120). June 7,
m6,as having top priority for elimination 
fraa effluents. Indeed, final effluent standards 
&manufacturers of benzidine, aldrin/dieldrin,
DLIT,and related compounds, endrin and toxa

e, all contained in the list of 65, have 
adopted by EPA. Based on chemical 

djucture and function, a number of repre
kiiptive organic compounds from the list 
m"se1ected for study.-
6-t 
OBJECTIVE 

N e t  oxidation, the Zimmennann Process,2-5 

i&kd worldwide to treat municipal and in-
&trial wastes. Operating designs can be 
ruied from low oxidations, for sludge condi-
Ipning, to high oxidations, for chemical and 
pkx-recovery or destruction of highly toxic 

.I ~.pdos.The objective of this study was to 
*determine the ability of wet oxidation toS e a :,&me maximum destruction of the starting 

ninatic n .' mterials and thus detoxify the compounds
E&. .,= *ed for investigation. High-temperature 
y. (1 1w.C) oxidation was investigated initially.

h e  moderate temperatures of 275°C were 
,hinvestigated, because they closely ap
:&ate noma1 operating conditions of most 

installations. A the lower temperature a 
catalyst may be required to bring about the 
desired detoxification of materials. The results 
of these laboratory batch studies can be cbrre
lated with actual continuous reactor plant op
ektion. These studies are a convenient 

METHOD 
A single, pure compound in distilled water 

was used as starting material to facilitate 
analysis of the compound following wet oxida
tion. Concentrations of starting material at 
5 to 12 g/1 were used for the study. Oxida
tions were camed out in a titanium 3.8-1 
( 1-gallon) magna-drive stirred autoclave. The 
autoclave was ftted with a rupture disk rated 
for 3000 psig at 315°C. Temperature reg
ulation was achieved with a controller-recorder 
that regulated the external heating elements. 
Operation was in a batch-wise mode. Gen
erally. 1 1 of.materia1 was charged into the 
autoclave, which was sealed and pressurized 
to the desired pressure. with compressed air. 
After heating to the desired temperature for 
1 hour, the contents were cooled by an inter
nal coil carrying cold water. The resulting 
gases were analyzed to determine oxygen use 
and the contents were removed for further , 

testing.
In a a f  starting material with low .soh--- .... ..._.-.

bility in water, the oxidized material was ex
tracted with an appropriate solvent and the 
extract anaIyzed for starting compound (Table 
I). Compounds were analyzed using a gas
chromatograph with a flame-ionization detector 
or a high-performance liquid chromatograph
with a reverse-phase column and a spectro
photometric detector. The methods of analy
ses are k e d  in Table I. Chloride analyses 
were performed on a Technicon Industrial 
AutoAnalyzer Il employing Technicon Indus
trial Method #99-70W/B,a mercuric thio-
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TABLE I. Analytical methods. 
Compound Methodb Conditions 

c 

100-

Acenaphthene. LC 
Acrolein G C  

Acrylonitrile GC 
2thlorophenol LC 
2.4-dimethyl phenol LC 
2,4-dinitrotolue~1e~ LC 
1,24iphenyIhydrazine. LC 
4-nitrQphenol LC 
Pentachlorophenol. LC 
Phenol LC 
Acetic acid GC 

65% CHtOH in H a ,  1.2 ml/min, 288 nm 
4' X I" Tenex GC 40/60.Temp. program 9 0 - - .50-2OO0C, 25 ml/min helium 
8' X 1'' Chromasorb 101. 80/100, 12S°C, 25 ml/min helium 
40% CHIOH in H a ,  1.2 ml/min, 277 nni 

505, CHIOH in HzO, 1.2 ml/rnin, 280 nm 60- - 
SOTo CHIOH in H a .  1.2 ml/niin. 242 nni 

SOY;, CHrOH in H@, 1.2 ml/rnin. 245 nm 

407; CHtOH in HzO,1.2 ml/min, 312 nm 
755, CHaOH in HtO pH 2. 1.2 ml/min, 303 nm 
20% CHIOH in �34.1.2 md/min, 252 nm ?O-

n6' X 1" 10% SP-12?0/1? H I P O .  on Chromasorb \VAW 80/1~), W 

125"C, 25 ml/min helium z 
I 
c
-

GC = gas chromatography. 
am = nanometer. 

cyimate/ferric nitrate caloI.lmetric method. 
The solutions from both the 275" and 320°C 
o&ations were used for toxicity testing, and 
the solutions from the 320°C oxidations were 
also analyzed for products of wet oxidations. 

Copper catalyzed oxidations. These oxida
tions were performed by adding cupric ion 
at 500 mg/l in the form of copper sulfate 
(CuS0,25H20).Prior to toxicity tests on the 
cataIyticaIly oxidized solutions, the copper was 
removed by precipitating it as the sulfide 
species, followed by filtering the solution 
through a 0 . 4 5 - p  membrane. Excess sulfide 
addition was avoided by monitoring the solu
ble copper concentration as the cupric sulfide 
was precipitated. When a distilled water solu
tion of 500 mgA of Cu**was processed through
the autoclave and then decoppered, the result
ing solution was no more toxic than a dis
tilled water blank processed through the auto-

TABLE11. Spring water andyais 
(June 21,1977-J1me29, 1978). 

Anrly.i. Average Bpnga 

PH 7.7 7.0-8.2 
Hardness fmg/l a5 Caco,) 154.5 89.5-180 
Alkalinity (mg/l as CaCOs) 137.7 95-156 
Conductivity (pmohs/cm) 290.4 225-325 
G (rndl) 32.7 15.4-62 
Mg (mg/l) 19.7 12.441 
Na (mg/l) 2.4 1.6-3.6 
K (mdl) 1.3 0.9-2.5 

2llS Journal WPCF, Vof. 52, No. 8 

E so-.Compound extracted with methylene chloride and converted to methanol solvent prior to analysis. n 
b All LC analyses were performed on a 10-prn ODS (250 mm X 3.1 mm) column. 2 

4LC = high performance liquid chromatography. a 

c 


2 so--
V r c aclave. Thus the copper removal did not affw s

the toxicity tests of these sotntidns. UI 40.; 

Toxicity methods. Tests were conducted on d 
the invertebrate cladoceran Daphnia m a g q
which were cultured according to the method 
of Beisinger.6 The original stock of douhnb 3 0 - 

was obtained from the EPA laboratory ip 
Duluth, Minn. Cultures of these animals have 
been maintained in our laboratory for ::bout 2 0 - 
2 years. Dilution water from a local s x i n g .  
fed pond was used as culture media ar.3 for 
toxicity tests. The water was relatively ::ad, 
averaging 154.5 mg/l of hardness me::md IO-
as CaCOI over the period of use. '':the 
analyses are listed in Table 11. The .cute 
static tests were conducted as descrit.3 in 
"Methods for Acute ToxicityTests with ?ish, O l  
Macroinvertebrates and Amphibians." ?ird 
instar daphnia (12f12 hours old) wer -sed 
for a11 tests. The tests were conduc. i in 'PICURE I. Percentduplicate for 48 hours at 22°Cin a co: 'ant. 
temperature chamber. All compound c.. -m 
trations were nominal. The &hour :C,

values, or toxic substance concentratio: t b  *-*the compounds SI 

produces the effectof immobilization OF ;05 &e.easily destroyed 
of the test population after 48 hours, ant ..hth muired higher tcml 
95% confidence limits were estimated k th More than 99.8% o 

destroyed aftermethod of Litchfield and Wilcoxone 11s %ii 
hour (Table 111). 'Iotherwise noted. '*uced a high deOxidation results. Tests at temper um M c t i o n  for mostfrom 150 to 320°C for 1 hour were .W -5the case of several 

pleted first. Figures 1 and 2 plot thc p *_W5"C,addition of 
centage of starting material remaining a era p&ghdegree of start 
1-hour oxidation versus reaction tempe: .hm &hour. 

I 
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8 hours at  22°C in a constad- Percentage destroyed versus temperature, 
amber. All compound c o n e  
nominal. The 48-hour ECH 
c substance concentration th t  for the compounds studied. Some compounds
ffect of immobilization on So% w e  ixsiIy destroyed at 200°C.whereas others 
ilation after 48 horn, d th& . rquired higher temperatures for destruction. 
t limits were estimated by ths 9 1 ahre than 99.8% of the starting compound 
cfififld and Wilcoxon u n l a  \''as destroyed after oxidation at 320°C for 1 
1. hour (Tirble 111). The 2775°C oxidations 3150 

m&s. 	 Tests a t  temperatmGI Produced high degree of starting material 
destruction for most compounds (Table 111).E0"C for 1 how were Corn-:--IIn the case of several slow-reacting compounds~ a u r e s1 and 2 plot the pep L- at 275°C. addition of a copper catalyst causeding matexid remaining after a high degree of starting compound destruction 

n vnnts =action tempera- 1 hour. 
\ 

$ 

Toxicity results. An evaluation of the use 
of daphnia as a toxicity test organism has been 
reviewed by Scott et aZ.3 Most testing using 

3daphnia has concentrated on metals ~ 1 and 
pesticides or herbicides."-" Anderson 
studied the toxicity of numerous inorganic and 
organic compounds to daphnia as early as the 
1940s. Sanders 16 found that of the 6 species 
of freshwater crusteceans tested, daphnia were 
generally the most sensitive to any of 16 spr
cific herbicides. He observed 48-hour ECSo 
values for dup!lnia ranging from 0.025 mg/l 

August 1980 2119 

1 



W 

Randall and Knopp 
~~ 

TABLEIII. I-hour wet oxidations. 

starting Starting Material Destroyed
Concentration 

Compound (gP) 320°C 275'C 275"C/Ca*+ 
90.__ - ~ 

Acenaphthene 7.0 99.96 99.99 
Acrolein 8.41 >99.96* >99.05 
Acrylonitrile 8.06 99.91 99.00 

2-chlorophenol 12.41 99.86 94.96 10-


2.4-dimethyl phenol 8.22 99.99 99.99 

24dinitrotolriene 10.0 99.88 99.74 

1,2-diphenylhydrazine 5.0 99.98 99.98 

Cnitrophenol 10.0 99.96 99.60 T O - .  


Pentachlorophenol 5.0 99.88 81.96 0
ePhenol 10.0 99.97 99.77 0- f 
2 6 0 - -The concentrationremaining was less than the detection limit d 3 mg/l. 0 
2 

4-
Efor Dichlone to greater than 100 mg/l for tests, unlike this study, were conducted wit1 I-

Dicamba and 2,4D (acid). Recently Kopper- food added to the dilution water. Ademal ;s o - 
man et aZ.,la determined the 48-hour ECS0 observed a 48-hour ECJovalue of 0.6 mgil fo u rvalues for a series of phenols on duphnia in an pentachlorophenol compared with our 0.95 t 

Lattempt to correlate physicochemical-param- mg/I vaJue. Bringman and Kuhn20 deter 
eters with toxicity. They observed slightly mined the 24-hour ECSovalue on daphnia fo 5 40-

lower toxic levels for phenol (10.6 mg/l) and 173 hazardous substances. Most organic ma 3 
4nittophenol (8.4 mg/l) than our values terials exhibited toxic levels of 10 to 1OM 
(Table IV), but nearly the same value for mg/l. These higher levels are probabIy be 30 -. 2-chlorophenol (7.43mg/l) . These previous cause of the shorter period of exposure. Th, 

TABLE IV. Toxicity comparisons 
(95% confidence limits in parenthesis). t o - .  

320'C 320°C 2775°C 27: 3 
stuting Oxidized Dilution Oxidized Dilu;hon 

Compound Compound Factors Compound Fac.-rn IO- .  
4B-Ilr ECm (B.Hr ECto Ratio, W H r  ECII Rs,*3, 

Materiai <mg/l) (VOL %) Ds :Do (vo~.%) Ds. ' 0  
.-

Acenaphthene 3.4s 7.10 144 6.05 11 5 
(2.95-4.03) (6.51-7.74) (5.52-6.63)

Avdein 0.093 4.45 4 024 4.65 4 2( @(0.085-0.101) (3.82-5.19) (4.40-4.91) 
Avjrlonitrik 10.95 4.80 35 1.70 1 5 FIGURE 2. Percentage dest 

(9.51-12.56) (4.09-5.63) (1.45-1.99)
Z-chlorophenol 	 6.20 2.60 52 0.87 1 4  2 

(5.56-6.92) (2.35-2.88) (0.625-1.21) TABLE V. Catalytic oxidatio 
2.4-dimethyl phenol 2.37 6.50 22s 7.70 2i - _ - _ _  

(1.77-3.17) (4.84-8.72) (7.04-8.42)
2.4-dinitrotoluene 26.2 4.00 15 3.35 ! 3  Material 

(22.5-30.5) (2.89-5.54) (2.72-4.12)
1.2-diphenylhydrazine 218 7.20 

(1.86-2.55) (5.W9.26) 
165 6.60 15 - 1 -cry Ionitrile

(6.2S-6.93) 
2 8  &-.Phenol 23s 10.60 45 6.07 

(21.0-26.3) (9.72-1 1.S) (5.36-6.63) 
&chlorophenol 

Cnitroptrenol 20.0 7.70 38.5 6.40 
(16-7-24.0) (6.34-9.35) (5.80-7.05) 

3 0  $.' .. Pentachlorophenol 

Pentachbrophtml 0.95 0.28 f4.75 1.13 5 5  
g;. 

(0.*1.12) (0.235-0.3341 (1.02-1.25) 
*ICalculated by the Binomial ' 

.-
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city. Results of this corn 

&Table IV. The solution c 
?;e le+ toxic than the starti 

ctor of 15 to 4000, depei
compound. In gel

6ih the toxicity tests of the 
&e quite similar to those frc 
'CaPtions. 'A decrease in oxic 
@ 320 to 275°C results 
%e in toxicity reduction. 

g the ratios of Ds:Do i 
peratures. In cata! 

toxic levels for the compounds in thii study
.ranged from 0.093 mg/i for acrolein to 26.2 
mg/l for 2.4-dinit.mtube. 

Toxiaty comparisons. Thefollowingmethod 
was devised to compare the toricity of the 
various solutions before and ahs  wet oxida
tion. The 48-hour EC, wake was set as the 
point of comparison. mi be used Y 
an illustration. Prim to wet oxidation. the 
starting conmtration of acrolein, 8 410 mgA,
(Table N)would have to be diluted by a 
factor of 90430 to obtain the 48-hour ECbo brought about by wet oxidation. 

=90430=Ds, the dilution factor 
starting material). After oxidation a 
the solution had a @hour ECSovalu~ 
mi%,or 4.45 ml diluted to 100 m 
N),The dilution factor now is 100 
ml= =47= Do, the dilution factor 
oxidized material. (Thesmaller the 
hetor, tbe less toxic the substances.) . 
of the dilution factors, B:Do = 904:  
=4 024, is the reduction in dilutio 

to reach the 48-hour ECrequired 
T! 

value of 0.093 mg/I (8410 mg/1/0.093mgfl the Ds:Do ratio, the greater the redr. 
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phenol at 275"C, the catalyst had little effect 
on the Ds:Do for acrylonitrile, but almost a 
four-fold Ds:Do increase for 2-chlorophenol 
and pentachlorophenol (Table V).

2-chlorophenol oxidation study. Because 
nearly half of the materials on the priority pol
lutant list contain chlorine, and 2-chlorophenol 
was named specifically. a more detailed study 
of the wet oxidation of 2-chlorophenol was 
performed. Figure 3 plots the 2-chlorophenol 
destroyed versus reaction temperature for both 
the copper catalyzed and noncatalyzed oxida
tions. The percentage of chlorine converted 
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I"*..-- 
b v t  the 48-hour EC,, val 
@latiom. A smaIIer pH
these concentrations for t' 
&tiom. The sensitivity
pH has been observed in 
+n,lO who noted that mar 
twdc as long as they were 
thpt did not reduce the I 
k than 6." To remove t' 

to soluble chloride at each oxidation tempera
ture is also plotted for both the catalytic and 
noncatalytic oxidations. 

In the noncatalytic oxidations, chloride ion 
production lags about 40% behind starting
material destruction up to the 300°Coxidation, 
and reaches over 90% of the total at 320°C. 
The catalytic oxidations are auite- similar. aI-
though more than 99% of the starting Am-
pound is destroyed at 200°C. The chloride 
ion produced attains more. than 95% of the 
total at  300°C and above, 

Toxicity measurements were performed on 
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the two sets of solutions generated at 
W"C intervals studied. Ds:Do was 
culated at each temperature, and these va 
are plotted for the catalytic and noncatal 
oxidations in Figure 4. The noncatalytic
Do values remain close to 1.0 through 
225°C oxidation, then rise to a high of 52 
the 320°C oxidation. The catalytic Ds 
values rise quickly above the 175°C oxida 
and are in the 60 to 70 range above 200Y 

Because of the acidity of the oxidized s 
the pH of thetions. toxicity test solut!)~~ old.zed solutions wer 

dropped to 4 or less for concentrations ai 48-h0ur ECso 
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The concentration of 2-chlorophenol at the 
48-hour ECSo value was calculated for both 
sets of oxidations. Figure 6 plots these values 
for the noncatalyticoxidationsbefore and after 
neutralization. The concentration of 2-chlor0
phenol stays close to the 48-hour ECnovalue’ 
of 6.2 mg/l for both curves up to 275°C. At 
300°C and above the concentration drops off. 
This indicates 2-chlorophenol could be exert
ing the toxic effect at the lower oxidation tem
perature, but probably not at  300°C and 
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@%, 
be-2chlorophenol concentr; 

above. Catalytic oxidations are plottec nu EC,, value for the car 
Figure 7. The non-neutralized oxidized :31 $50 and 175°C remained 
tions have low 2-chlorophenol concentra! o atralization of the solutions 
at the 48-hour EC,o values at all temperat: m: Was not causing the 
The starting compound probably is not P” ‘5chlorophenol was present at 
in sufficient concentration to cause toX $bdow the toxic 6.%mg/l 1, 
under these conditions. When neutralized. tb plne other organic materia], I 
2-chlorophenol concentration at the 48-’ oa intermediate, was praer
ECZovalue at 200°C and above is close to t~~ . toxic i ty .No attempt was 
toxic 6.2-mg/l level. This seems to be h&r organic compounds that 
toxic material under these test CXX&~’ A?-- two oxidized sample: 
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The 2chlorophenol concenWons at the 48
.-tic oxidations are plotted b u r  EC5,, value for the catalytic oxidations 
.aon-neutralized oxidized SO^ . ' at 150 175°C remailed unchanged upon
5-chlorophenol concentn- ..-1 "etralization of the solutions. Thus the acid-
EC,, values a t  all tempenhrra. - ity was mt causing the toxicity. and the 2
mpound probably is not pres? * chloroplienol was present a t  3 concentration 
rncentration to cause toxicrty . b h v  the toxic 6.2-mg/i kvel. Evidently,
ditions When neutralized. the i tome other orga& aterial, gossibly an oxida
t~~ncentntionat the (&bo*? .! tion intermediate, was present and producing

.(JO"Cand above is close to the$ . the toxicity. No attempt was made to identify
level. This seems to be t b j  other organic compounds that might be present
under these test conditiosi. 

2 
in t h e e  two oxidized samples. 
1 


The formation of chloride ion was also nion
itored for the pentachlorophenol oxidations. 
Figure 8 plots the percentage of pentachloro
phenol destroyed versus temperature, and the 
percentage of chlorine converted to chloride 
versus tempernture. Above 225°C. the chlo
ride formed nearly matches the percentage
destruction of starting material. Once the 
original structure of the pentachlorophenol 
molecules is disruptcd. nearly all of the chlo
rine is converted to chloride ion. 

Oxidation products. In addition to the 
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TABLE VI. Products identified from 320°C. 
1-hr Oxidations. 

stclrting Formic Acid Acetic Acid 
Compounds (mg/l) (mg/l) 

Acenaphtheile 6 443 
Acroleiii 81 852 
Acrylonitrile 48 92 1 
2thlorophenol 52 442 
2,4-diiiicthy l p h e ~ ~ o l  75 1527 
2,Cdi11itrotol:1e11e 134 213 
~,2-di~ihmylh~.dr~1zi11e 37 526 
4-nitropheiiul 7Y3 suo 
PentachIorolJhend U 101 
Phenol 13 1 034 

starting material, the solutions from the 320°C 
oxidations were analyzed for products of .OX
idation. The oxidation solution was subjedtd 
to fractional distillation to concentrate the 
volatile compounds in the distillate. This 
fraction was scanned by gas chromatography
in an attempt to identify comp6unds. NO 
identification could be made. The pot solu
tion from the fractional distillation was then 
subjected to exhaustive steam distillation. The 
steam distillate was analyzed for volatile acids 
by gas chromatography (Table I) while formic 
acid content was determined via a mercuric 
chloride gravametric procedure.21 Thus far, 
only formic acid and acetic acid have been 
identified in the oxidized solutions in the 
amounts shown in Table VI. Based on some 
earlier work, the 48-hour ECSovalue of some 
low molecular weight compounds that might 
have been produced by wet oxidation was 
determined. These compounds are listed in 

- -
Table VII. All of the tests with acids Show* r@LE VIII. Concentrations I 


a sharp drop in pH to 5 or less at their q,,,cc..

tive 48-hour ECSovalues. The non-ioniUblr Qi 

compounds were generally of low toxicity With 
the exception of acetaldehyde. Table ly1,
lists the concentrations of formic acid aril! 
acetic acid present at the 48-hour EC,, Valur 
for the solutions resulting from the 320"~ 
oxidations. In the case of phenol and 1.4. 
dimethylpheriol. the acetic acid cnIIcentr;ltillr, 
was about 50% of the 48-hour ECSiIvalue de. 
termined for pure acetic acid. Oxidized 4. 
nitrophenol gave the only high concmtratio,, 
of formic acid at the 48-hour EC,,, value 
This value was only 40% Of the 48-hour EC, 
concentration for pure formic acid. The solu. 
tions from the 320°C oxidations sho\~rd,,,
pH drop to 5 or less at the 48-hour EC,,,&Ill. 
tions. Thus acidity from the organic nr in. 
organic acids present was not the single toxic 
factor for these solutions. 

CONCLUSIONS 
Wet oxidation is well suited for t tw  treat. 

ment of dilute aqueous wastes whicll .:re uII. 
economical to incinerate and too t:,iic' fir: 

direct biological treatment. Althouc*. tl
wet oxidation studies were conducted : .- rela. 
tively concentrated solutions, it w;i : .:,*mua 
strated that 99+% destruction of ct" 

in more dilute wastes would al

rF: -. 
Compounds 

* 

L Aceaaphthene

.\croicin 

:\crylonitrile 

2-chlorophenoi 

2.ldi111ethyl~ihc.11iil 


F' 
c 	 2.4-dinitrotoluene 

1,2-ci i~1hei1~lhytlr~1~i11~ 

Thus wet oxidation of a toxic 
]&r biotreatment would yield ;
&k for discharge into a publir
&mt plant. 

more slowiy reacting con 
"C temperature. In gene1 

oxidized materials was 
:*pared with that of the sta 
a d a t i o n  at 275°Cwas near]? 

ucing toxicity as 320°C ox: 
A 320°C oxidation solutions 7L. respective 48-hour ECSo 

@:wnentrations of the iden 
*ucts, acetic and formic ac 
.&.@hour ECZOvalue dete; 

ividual compound alone. 
dy of oxidations of 2-chlorop 

#t the acute toxicity of the 
&;'solutions was from acidit! 

constituents pr 
toxicity tests were short ter 

&&rial were produced in sign 

This would produce effluents with 
levels of pollutants, in the parts y 
range. 

The products of wet oxidation av 
low molecular weight compound? 
formic and acetic acid, which are 1. 

degradable by conventional treatme:, 

. 


TABLE W. Toxicity of some simple organic compounds. 

Compound 

Formic acid 

Acetic acid 

Oxalic acid 

Malonic acid 

Maleic acid 

Fumaric acid 

Succinic acid 

Methanol 

.4cetaldehyde 

Acetone 

2-butanone (MEKP 


151.2. 138-165.6' 
190 179-202 
136.9' 125-150' 
275 233-324 
316.2. 250400. 
212 204-220 
371.2. 350400' 

24 500 20 450-19 350 
48.25. 39.4-59.1. 

13 500 10 294-17 704 
5 091. 4 025-6 U U '  

.-
a Calculated by the Binomial Test.n 
b MEK = methyl ethyl ketone. 

~~~ 
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Wet Oxidation 

m.Concentrations of organic acids at 48-hour EC,. 
320°C Conc. Acetic Conc. Formic 

wet oxidation of a toxic waste followed 

at 275°C for 1 hour 

tive in 

be identified. the toxicity 
whether somehighly toxic 
ced in significant amounts. 

51st Annual Conference of the Water Pohtion 

REFERENCES 

3. Hurwitz, E., d.,“Wet Oxidation of Sew
age Sludge. Water and Sew. Works, 112, 

. 26902 (June 25, 1975). 

Cladac-era as a Bioassay Organism.” Nat. 
Tech. Information Service AD-A049145 
(June1976). 

10. Anderson, 8. G., T h e  Toxicity Thresholds of 
Various Substances Found in Industrial 
Wastes as Determined by the Use of Daph-



'I. 

-
., . 

Randall and Knbpp 

nia Magna." Sewage Works J O U ~ O C16, 
1156 (1944). 

11. Anderson, B. C.. 'The Toxicity ThreshoidE of 
Various Sodirlnl Salts Determined by the 
Use of Darihnia Magna" Sew. Worh 
]ow.. 18, 82 (1946). 

12. Anderson, B. C.. "The Apparent Thresholds 
of Toxicity to Dophnio M B ~ Mfor Chlo
rides of Various Metals when Added to 
Loke Erie Water." Tram. Amer. Fish SOC., 
98 (1950). 

13.Biesinger, K.E.,and Christensen. G. M.,"Ef
fect of V:vious Metals on Survival, Growth, 
Reproduction and Metabolism of Daphnia
Magna." ]our. Fish Res. Bd. Can., 29, 12, 
1691 (1972). 

14. 	Anderson, B. C., "The Toxicity of DDT to 
Daphnia." Science, 102. 539 ( 1945). 

15. 	Sanders, H. 0..and Cope, 0. B., Toxicities 
of Several Pesticides to Two Species of 
Cladocerans." Tram. Amer. Fish Sod, 95, 
165 (1966). 

16. Sanders, H.O.,'Toxicities of Some Herbicide: 
to Six Species of Freshwater Crustaceans. 

' .  

2130 Journal WPCF, Vol. 52. No. 8 

lour. Water Poll. Controf Fed., 42, 1 
(1970).

17. Crosby, D. G.. andTucker, R. K., " A ~ ,  
tion of DDT by Daphnia 8fugM." Enoi 
Sci. G TechnoL, 5. 714 ( 1971).

18. Eopperman. H.L.. et d., "Aqueous c h l o ~  
tion and Ozonation Studies 1. S h c t l  
Toxicity comlations of Phenolic C 
pounds to Daphnia Magna." Chem.-I 
Interact.. 9. 245 (1974). ' 

19. Atlema, D. M. M.. "Durihrhniu Muugna a 
Test Animal in Acute and Chronic Te! 
Hydrobiologia (Den.), 59(2), 125 (19

20. Brinwiann, V. C., and Kuhn, R.. "Befu 
der SchadwirkungWassergefddendcr S(
Gegen Daphnin MwM." 2. WW. Abu 
Forsch. (Ger.), 10(5), 161 (1977).

21. Frank J. Welcher, Ed., "Standard Method 
Chemird Analysis.' 6th Ed.. 24A. 590 
Van Nostrand Company. inc. (1962).

22. Stephn, C. E.,"Methods for Calculatinp
La, Aqoatic Toxicology and Ha 
Evaluation." F. L.Mayer and J. L.H 
elink [E&.], A m .  SOC. Testing Mater 
GX, 65 (1977). . 

flow -andI( 

at wastews 

r t -

Donald C.Munksgaard 

ROSS, Saarinen, Bolton and U' 

jmes C.Young 

Iowa State University, Ames 

t 
? i i .  
... . -.*-. 
'Since the passage of the F 

pollution Act (92-500) in 19i2 
for the removal of pollutants fro 
b v e  continued to become IT 
m n t l y ,  the biochemical os 
(+D) and suspended solids ( 
&US in treated effluents discha 
&uries must be less than a m 
30 mg/l and a maximum Y 

d.45mg/l. Many state age.
&ire stringent effluent limitatioi 
mtion  of highquality stream 
iGtions often include dischargc 
mts nitrogen and phosphorus. 
a t  quality requirements' of 10 
IO mg/l for SS, 2 mg/I for ami 
(NH,-N), and 1 mg/l for to 
(TJ) are not uncommon. , 

+Traditionally, design of wa 
mkt facilities has been based 
the,capability to treat "average 
However, to meet the effluent q, 
modem treatment facilities W I  
designed to treat wastewaters e 
tke plant receives peak hydrau' 
khds. 
?.Wnfortunately, criteria for d 
b operate efficiently during p 
not been developed. In fact, 2 
md load peaks have been rathc 
muse of the need for a better t 
*'plants to treat peak loat: 
h d y  was undertaken to docu: 
mi load conditions that occur 
%aah'ng life of a number of 
berational data from 11 full-s 
mtment plants ranging from 
n*/s (0.25 mgd) to more thar. 
nd)were analyzed to deterrn 
mkday,  peak &hour, and pe 
md BOD, SS, NH3-N. and TP 1, 
*,between these peak loa 
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AND 


HAROLD S.WEISS. PH.D. 


Columbus. Ohio) 
*	 _ 

ABSTRACT 

A study of the sequential morphological changes in the peripheral nerve 
induced by experimental inhalation exposure of methyl n-butyl ketone 
(MBK)revealed that the earliest change was an  increase in the number of 
neurofilaments in the large myelinated nerve fibers. This change occurred 
prior to axonal swelling or myelin thinning. As the duration of exposure 
lengthened the number of neurofilaments gradually increased and ultimately 
produced axonal swelling with secondary thinning of the myelin sheath. This 
appears to be the pathogenesis of the "giant axanal" neuropathy. .hother  
change observed early in this neuropathy was the presence of inpouchings of 
the myelin sheath, which also increased in number in parallel to  the duration 

study of the sequential changes in the entire motor unit did not 
i'l show a predilection for early morphological changes at the axon termina1. 

Abnormalities at the neuromuscular junction occurred only after a full spec
trum of changes were seen in the main nerve trunk, nerve roots and intramus

, cular nerves. 
An important observation was the marked potentiation of peripheral neuro-

W.". .. I 

. toxicity observed when animals were exposed to MBK in combination with 
methyl ethyl ketone (MEK) at a ratio of 15,  MBK:MEK. The latter solvent 
showed no neurotoxic effect alone. This might help esplain a recent outbreak 
of a polyneuropathy affecting many workers. L, 

One further observation was that the sural nerve of a patient with pro
longed exposure to MBK showed changes similar to those induced experimen-

ISTRODUCTION 
' Methyl n-butyl ketone (MBK)was recently observed to cause an  industrial 

:a.outbreak of polyneuropathy in a color print and plastic coated fabric plant (2,Y
:y. 

From the Depts. of Medicine (Division of Neurology) and Physiology. Ohio State University. .College of Medicine. 
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4). An experimental neuropathy \vas also produced by MBK in several animal 
species including mice, rats, chickens and cats 117, 24). The ncrve changes 
obsenTed had the characteristics of a giant axonal neuropathy. 

Our continued studies of this neurotosic agent have been relevant from 
several points of view. First, we hare  studied by serial examination of 
exposed animals, the sequential morphologicaI changes in the nerve fiber 
induced by MBK. These studies have revealed the earliest change in the 
nerve fiber to be a gradual increase in neurofilaments which ultimately 
causes axonal swelling and secondw chinning of the niyelin sheath resulting 
in the giant axonal neuropathy. Secondly. our studies have particular signifi
cance with regard to  human esposure to MBK. as well as another commonly 
used industrial solvent. methyl ethyl ketone (hIEK1. have been able to 
produce a neuropathy in rats with lower levels of exposure t o  MBK than has 
been previously reported (17,2.1). and we found a marked potentiation of 
neurotoxicity when animals are esposed ta a combination of MBK and hIEK* 
In addition, we have been able to  identify changes in a sural nerve biopsy 
from a patient with a prolonged esposure to  RIBK. that  are identical to those 
induced esperimentally. 

MATERIALS A S D  METHODS 

Sprape-Da\vley rats were held in enviror.mental chambers as previously described (17)-
TWOgroups of animals were studied: 1) T h e  f i s t  group consisted of a dozen rats  weighing 190
210 gm exposed to h1BK 400 ppm. continuoue?y. iur 24 hours per day. 2) The second group was 
designed to study the  interaction of MBK an', MEb. Three dozen rats  \veighing 160-180 gm 
were continuously csposed for 11 hours perday toei ther  MBK a t  2% ppm. MEK at 1125 p ~ m o r  
to the  combination of MBK:LlEK a t  ?.tj:.lIZipps.  Control animals were housed under similar 
environmental conditions without solvent expusire. In addition a cat \vas studied which had 
been held from our initiai study (171. This cat hac  b w n  exposed to SlBK at 400 ppm f o r i  weeks 
and was sacrificed after beitig returned IOa normal environment for 4'1.1 months. 

At the  time of .sacrifice all animals were p d u s e d  through the abdominal aorta d t h  4% 
paraformaldehyde followed immediately by 57 rhtaraidehyde both in  0.1 &S phosphate buffer. 
pH 7.4. Sciatic nerve and intrinsic foot m u d - were excised. blocked into 1 mm cubes and kept 
jn glumrald&yde for hours. The tissue u3s post-fixed in 15 osmium tetroxide in 0.1 lf 
phosphate buficr for 2 hours and dehydrated :n ,laded ethanol solutions t l j 5 . 3 5 5 . 5 0 c i .  io%'*, 
,PCClnll  fnr 1.5 minutes each). follo\\d 30 minutes in I005 alcohol and 30 minutes in 
propylene oxide. The tissue \vas embedded 13s p u r r  lo\v-\.lScoSZty cmbcdding nicJia. 
animals were perfused through the h e a n  to obtain spinal cord and dorsal root ganglion 
specimens. For nerve fiber teasing, p o c i o s  of the  periusrd nerve \\'ere kept in  osmium 
tetroxide for 4-6 hours and then placed in P 605 giycerrn Solution for several days prior to 
teasing.

Quantitative hlstolopical studies werc. pi.<c$zned in the following manner: The number of 
neurofilamcnts and neurotubulrs per sm: sa.;determined on electron micropaphs of cross 
sections of random sampled n e n e  r i b e s  a: 2: .M*jmafnification. rnlnrpi*dIO a final magnifica
tlon of 300.000 under a n  .\mcricac Optic:! ;I!s+ecting microscope. The nxun \vas divided into 
unit areas of 0.933Mm: and the number of r.rcro:llamm:s and neurotubules were counted In 
these areas. The axonal area lncluaed for c u ~ ~ : : : s t i ~ estudies represented 70 to ?OG of the total 
axon depending upon the number of m i ;  zrczs 13.933 rm'i the nerve could be divided into 
without overlap. The axon caliher m y r h  :nickness ratio was also determined. For this 
measurement the orthogonal minor axis t2aze ter  of the axon a n d  adjacent myelin were 
measured on electron micrographs of SO.prx' x.sgification. 
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-To-'determinGthe frcqucncy (if inpwrhinm of the mydin yhpnth and denuded nxans plir 
mm2, the numb+ of nerve fibersshowing thew changes were counted by direct examinntion in  

' ' the'light microsqopc in 1 p m  cross sections of r-poxp resin cmheddrd nerve. The nerve fiwciclea 
gere then photoipphed. cnlargvd ton final magnification of250, nnd CUL out and weigbrd. Tht. 
area was determined by comparison to n reference weight of known area. Only inpouchings of 
the myelin shcdth with n concentric ring of myelin in the nxun. separated from the outside 
myelin sheath (111. were counted. The inpouchinm w r e  of a thickncss approximately equnl to 

ber that of the myeve;linsheath. Pnranodal or nodal regions of the axon were carefully ruled out in 

the counting denuded mons. 

+iy{ -. To obtain thk frequency of swollen nerve fibers. photomaphs of the abovc fasrirlei. were 


randomly chosen and magnified 1000times. The orthogonal minor axis diameter was measured
ing: on 300 random nerve fibers and 'thenumber of swollen axons per 300 fibers was determined.&'
'dY RESULTS 
8 to 
has Scqucncc of Structural Altcrotions in Animals Exposed to hiBK 

of 
EK. Rats exposed to MBK at 400 ppm and at 225 pprn were sacrificed serially to 

'PSY study the sequential morphological changes. Those esposed to 400 ppm were 
nose sacrificed a t  16, 28 and 42 days and those exposed to 225 ppm were sacrificed 

at 16. 33. 33, 55 and 66 days. Clinically observable paralysis occurred a t  42 
days using MBK 400 ppm and at 66 days with hIBK 225 ppm. Neuropathologi
cal changes preceded the clinical signs by many weeks. TIYOdistinct changes 
occurred quite early and close to the same time. The first to appear \vas a n

1417). increase in the number of neurofilaments and the  other was an inpouching ofT 190

p was the myelin sheath. 

30 gm Quantitative studies ofncurolYanzenfs: The number of neurofilaments was 

cpm ar determined in a control 200 gm rat using the identical fixation and  embedding

imilar procedure (detailed.under Materials and Methods) as animals esposed to

:h had 
weeks h1BK. The number of neurofilamens per unit  area (0.933 pi?) \vas 20.3 2 

0.96..illustrated by the regressi0n:coeGcient in Fig. 1. There yas a highly 
ith 4 8  significant h e a r  relationship between the  number of neurofilaments and 
bUffW. size of area counted with a correlation coefficient of 0.996. IYhen this count
*a kept per unit area was applied to  the study of axon caliber the number ofneurofila
0.1 :\I 
i. 70%. ments showed a significant linear regression as the axon caliber increased, 
utes in 10.7 = 2.15 neurofilamentslgm diameter (Fig. ?a). Another measurement we 
. Suae e.jia'u:iSfied in c m t r d  nerve fibers \\as thr ratio vf axvri scliibi-r t u  ni:,-elin 
inglion thickness. This proved useful in evaluating the degree of axon sivelling
+smiuni andor myelin thinning. In the control nerve fibers the axon ca1iber;myelin
mior to thickness (AC/hlTI ratio ranged from 1.3 to 7.3 with the mean ratio of 4.6 e 

of 0.3 in:241.~ b e r  
af cross In animals exposed to MBK 400 ppm, the first obscarvnble change at 16 days 
sifica- \vas the presence in larger diamerer nerve fibers of a 2-3 fold increase in 
:ed into neuroiilaments (Fig.2b). For the 16 day esposurc the regression coefficient of
;nred in 
hetotat 3i .3  neurofilaments.'pm diameter was significantly higher than  the control 
:ed into value. This abnormality was seen at a time when there \\.as preservation of a 
?or this normal AC/hIT ratio in most fibers, mean AC/MT:5.0 = 0.3 (n:301.With 
:n we= continued esposure many additional changes occurred as outlined below but 
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a . UNIT AREA ( J A  - 0  933 1 

FIG. I. Relation between number of neurofilaments and unit area (U.A.= 0.933 urn*).y:
predicted number of neurafilaments: I:measured numberof U.A.; r: corrcfation coefficient; b: 
regression coeficient: 8:standard error of regression coeffcient: n: number of p3otted points. 

even after 42 days of esposure when there was a definite increase in the 
number of neurofilarnents. 41.3 neurofilaments/pm dinmeter (Fig. 2c1, most 
nerve fibers still retained their normal X C N T  ratio with a mean of4.4 z 0.5 
(n:321. In addition to a n  increase in neurofilaments some nerve fibers also 
showed a decrease in rhe number of neurotuhules compared to controls. The 
control neurotubule count ranged from .13/pm2to 43/pm' (Fig.3). As the 
number of neurofilameng increased there appeared to be a decrease in 
neurotubules in these areas. This was especially well illustrated after 42 days 
of NBK,  400 pprn exposure tP c 0.01, [Fig. 3). 

These quantitative studies showed.that in the early stages of rhis neuropa
thy. prior to sipificaht asonal swelling, the neurofilarnen~gradually in
creased in number at a time when there was a normal relationship of axon 
caliber to  myelin thickness I Fig. 4). The individual neurofilaments accumulat
ing in these asonp showed.no abnormalities a t  high magnification {Fig.5). 
They were of approsimsrely I00 -4 diameter with an  electron lucent core and 
had normal side-arms. 

Quantitatit'c studies of mTelin inpouchings: In individual teased nerve 
5bers. inpouchings of the myelin sheath could be seen dearly (Fig. 6) .  These 
occurred anywhere a1ong"'the internodal segment and the direction of in-
pouched myelin could be either prosimal or distal. Although similar inpouch
ings could be obsened in normal animals. our quantitative studies demon
strated that the number of these myelin intrusions showed a szrcng correla
tion u ith duration of esposure. Sormal control nerves were found to  show up 
to 22 fibers with inpouchings per mm: of nerve fascicle. At MBK 400 ppm, the 
numbers increased as follows: 16 days. 6:mm'; 28 days. 142/mm2;and 42 days, 
493imm' (Table 1). A t  LfBK 225 ppm exposure. the incidence, increased 
progressively: 16 days. 23 mm'; 25 days, 46.mn?: 35 days, 92imm"; 55 days, 
S63rnrn: (Table 1). and 66 days. 645 mm:. Under the electron microscope the 
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FIG. 2. Relation between number of ncurofilamrnts and axon caliber. 2a (Top): control. 2b 
tSIiddle): XBK 16 days exposure. 2c tBoitoml: 42 days exposure. 

I 
10/24/1996 EPA TSCA D O C K E T  



212 


1 

0 20 43 60 &o 100 

NUMBER OF NEUROTUBULES Plf i rn ' )  

FIG.3. Relation between number of neurofilaments, and number of neurotubules. The 
control valucs are plbttrd by solid circles and its regression curve and equation are shown 8s 
(1). The, regression curve and equation of W 3 K  16 days exposure nre shown as (21, and the 
values of MBK 42 days exposure are plotted by crossmarks with the regression equation (3). 

myelin contained within these infoidings showed no abnormalities Fig. 7). In 
addition no axonal changes were observed adjacent t o  these inpouchings and 
the adaxonal membranes \;-ere normal. 

Jnferrclated ninrphological changrs: As the duration of exposure 
lengthened and the number of neurofilaments increased several interrelated 
morphological observations were seen. In teased nerve fiber preparations, 
swellings of the axon could be seen frequently in the paranodal area and less 
often at focal sites along the internodal segment (Fig. 8,. Increased numbers 
of neurofilaments were easily observable in the electron microscope without 
quantitative determinations in these areas of obvious asonal swelling. At 
times -these 'areas of neurofilamentous increase would estend for v e v  long 
distances along the internodal segment (Fig.91. In some areas bundles of 
neurofilaments appeared to run parallel to a bundle of aggregated neurotu
bules and mitochondria which appeared to be pushed aside by the neurofila
ments (Fig. 101.' Other nsoplssmic organelles were usually well preserved 
except for occasivnal d c g c n c r ~ i \ * ~  -chances in mitochondria and smooth ends 
plasmic reticulum. S\velling of mons  and increase in neuro:iInmenrs were 
also found in unmyelinated nerve fibers (Fig. 11) but much less frequently 
than in myelinated nerve fibers. The s\\ollen asons were usually associated 
ivith thinning ofthe myelin sheath (Fig.12). 'In these areas the myelin sheath 
showed a normal configuration but was composed of n reduced number of 
myelin lamellae as described in myelin slippage (10) (Fig. 13). The myelin 
thinning appeared initially in the paranodal region but later extended for 
varying distances along the asis cylinder. As the ason diamerer continued to 
enlarge some axons \wrc found to be completely denuded of myelin (Fig.141. 
The relationship bctlveen the duration of exposure and rhe numbers of nerve 
fibers showing asonal sivclling and denudation of myelin increas,ed with 
time. This can be seen in Table 1 showing a random quantitation of these 
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thickness ratio. 5.3. x 13.000. 
Fic. 5. Higher magnification of neurofilamenfi from a fiber with proliferatlon of neurofila

menu. Neuroftlamenrof 100 A caliber with central electron lucent area 'ano\v)and side arms 
(double arrows't i s  seen. x 100.000. 

Fso. 6. Inpouching of myelin sheath iarrowi protruding into the axopiasm of a reased nerve 
fiber. x 120. 
FIG.7. Inpouching of myelin sheath showing normal thickness of myelin mrrowL Aso

plasm shows no significant changes. x 11.600. 
FIG. 8. One internodal segment (between arrow51showing paranodal and internodal swell

ings Qfaxon in a teased n e n e  fiber. x 63. 
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observations in pm cross-sections of epoxy resin embedded nerve. The total 
area counted in each animal averaged 0.75 mm?.The incidence of s\vollen 
axons in this table is artifactually decreased since 11 pm had to be used.% the 
upper limits of normal for the cross sectional diameter. Our control animals 
had normal fibers up to 10 pm in diameter. .Actually fibers of smaller 
diameter \\-ith focal swellir.gs were observed frequently in teased prepara
tions. but they would not be included here if their diameter did not exceed 11 
Pm-

In the v e q  late stages of the neuropathy. only after clinical paralpis 
occurred. did we observe occasional nerve fibersundergoing Wallzrriandegen
eration. These were typical examples consisting of degeneration of the axon 
with numerous dense membranous bodies and myelin debris in thecJ*oplasm 
of Schwann cells. -

A number of less frequent changes+vereeobsen-ed &le examinini 
sequential abnormalities. Generally Schwann cells appeared active -5th 
increased Golgi apparatus and increased rough endopiasmie reticulum. 
Rarely'vep large mitochondria were seen in the Schwann cell cytoplasm. In 
scme nwve  fibers. especially around Schmidt-Lanterman clefts or nodal 
areas, ada.ona1 membranes invaded the asopiasrii and ~ ~ ~ a o n d e r !it (Fig. 
15). These changes were similar to those observed hy Prineas t20). fn addition 
"islands" of Schwann cell processes were occasionally seen underneath the 
basement membrane and thin whorls of myelin were found in the Schwann 
cell cytoplasm t Fig. 161. Another abnormality of the myelin. often seen in the 
late stages. was a denudation of the myelin sheath which occurred anywhere 
along the internodal segment in areas unrelated to  swollen axons {Fig. 37).
This type of denudation \vas accompanied by numerous inpouchings of the 
myelin sheath. 

Recome*phase: IYe had the opportunity to esarnine one cat in the recovery 
phase. This animal had been exposed conrinuously to MBfi 400 ppm, for 7 
\veeks after which time he became paralyzed. He was then removed from the 
exposure chamber and kept in n normal environment for 4 I k  months. During 

I 
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FIG. 9. Proliferation of neurofilammts obsewad extending for a considerable h g i h  of the 
newe fiber. x I3.000.
FIG.IO. Bundle of ncuroiubulcs and mitochondria seen in upper Id: poriion of picture

along the edgc of the w o n  in a fiber u i ~ hincreased number of ni*urofiIarnen:s. 19.900.
FIG. 1 1 .  Unmyclinatrd n w w  fiber with proliierariun of ncurofilaments. 25.500. 
FIG. 12. Thinning of myelin shcsth 0.' the axon uith rhr proliferation of neurcdilamrnts. 

Axon caliber-myelin thickness ratio 131.02 is grrratiy increased. 11.600. 

I 
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FIG. 13. Rptr;lrtion ofmyplin sheath 13170~1in :he pnrnnodal are3 in A fiber with prolifera
tion of neuraiilumt-nts. 11.200. 

FIG. 14. Denudation of myelin sheath in a fiber \\ith iln increase of ncurnfilaments. The 
depenerntion of nsoplasmic components i s  also seen cnrrw ) 14.200. 

FIG.15. Adaxonul mrmbrnnour Intrusion oripnatinp at arro\vs and extending toward the . .  
axoplasm of the n c w c  fibcr. 32.500. 

FIG.  16. Slydin whorls iarrowst 1.. the cytoplasm of the Schwann cell. Y 18.700. 
FIG. 1;. ncnudnlion of myelin sheath in a teased n t w e  iitwr \viKhout axonal s w i l i n g .  I140. 
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that t i q c  he regained the ability to walk. In  the sciatic nerve the most 
striking changes were a moderate loss of myelinated nerve fibers and nn 
inorease in connective tissue. At this stage the number of swollen axons was 
greatly reduced over that seen in the acute toxic stage and a larger proportion 
of fibers showed the Wallerian degeneration. In addition a large number of 
teased fibershad a marked shortening of the internodal segments and in the 
electron microscope, thinly myelinated nerve fiberswere observed suggesting 
remyelination. These nerve fibers were surrounded by 2-3 Schwann cell 
processes (Fig. 18). 

* ;*. 
I -

site o~lnyoivemcnt- ..-.* 
The anterior horn cells, nerve roots, nerve trunks, intramuscular nerves 

and motor end plates were studied sequentially to determine the earliest site 
of pathological invol0ement. In the animals exposed for 16 days t o  MBK, 225 
ppm, no abnormalities were found in the motor end plates or intramuscular 
nen*es of the intrinsic foot muscles. This \vas also true after 16 days of 
exposure to  the hlBK:MEK, 2259125 ppm, combination. Hotvever. at this 
time the animafsexposed to this combination were already showing the early 
changes of increased numbers of neurofilaments and inpouchings of the 
myelin sheath in the main trunk of the sciatic nerve. After 25 days of the 
hlBK:lIEK combination, when clinical paralysis was present and the main 
trunk of the sciatic nerve showed the full spectrum of ncurupathological 
changes. similar changes were appearing in the nerve roots and intramuscu
lar nerves. Even at this time no abnormalities werc seen in the axon termi
nals or post-synaptic membrane at the neuromuseular junction. Only after 
extremely prolonged exposure, after 66 days of NBK. did we find typical 
changes of denervation in the motor end plates. These denervated end plates 
showed atrophic axon terminals with Schwann cell processes interposed 
between the nerve terminal an6past-synaptic membrane (Fig. 19). There was 
also a loss of secondary synaptic clefts. 

Anterior horn cclls and dorsal root ganglion cells ivere also esamined at 
various intervals of exposure. N o  changes were observed in these cell bodies 
even after typical changes were seen in the main trunk of the sciatic nerve. 
Specifically no abnormalities were seen which would suggest an increase in 
neurofilaments i n  these ccll bodies and no cells were observed undergoing 
chromatolysis. 

Interaction of MBK and MEIC 

\Yecompared the effects ofexpasure to hiBK 3335 ppm.with MEK 1125 ppm. 
and the combination of MBK:NEK,  225:1125 ppm. Animals in  the+;e three 
groups were sacrificed serially for quantitative hist4)lngic studies. The differ
ences were quite striking (Table 1 ). Nu pcriphe: 31 ticurntosicit.; was s txn  
with M E K  alone at  1125 ppm. :is show)  in Table 1. u p  to 55 days. .Additional 
studies lvere also carried out for as long ns 5 months and r;o abnormnlirics 
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< $ .  , %*ereseen in these animals.The combination of h3BK and MEK was consider
ably more toxic than MBK alone. Clinically animals espbsed to  the cornhitin
tion failed to gain weight and showed a clinicd paralysis by 25 d n y ~of 

~ 	 exposum. Animals exposed t o  MBK alone did not dwelop paralysis untit' 66 
days. Also the incidence of inpouchings of myelin sheaths, denudation of 
axons and axonal swellings was greatly accelerated with the  combination as 
illustrated by the quantitative studies in Table 1. At 55 days of exposure 

, 	random sampling of nerve fibers showed the incidence of inpouchings of the 
.myelin sheaths to be 435jrnm' compared to 86/mm2 for MBK alone. The 
number of denuded axom was 13/mm' compared to 2/mm2for MBK alone and 
the number of axons with a diameter >11 pm was Si300 fibers compared to 0 
for hIBK alone. 

REPORT OF A CASE 

A 41-year-old fnaie worked as a painter using a paint thinner containing 
31BK from September. 1972 through July, 1973. He worked 8 hours per day. 5 
&\*s per week during tha t  period. He used the paint thinner liberally. mixing 
it with the paint as necessary. Most of the work was dune in a closed 
environment primarily applying the paint through a spray type appli-?tor. 
He used a mask but he felt this was inadequate and the odor of the paint and 
solvent could be easily appreciated through the mask. In addition, at the end 
ofeach working period, that is for example, coffee breaks, lunch time and a t  
the end of the working day. he and his colleagues would use the paint thinner 
to wash their hands and face to remove any residual paint on their skin. 

He first developed leg weakness manifested by difficulty in climbing stairs 
in late July, 1973. His muscle weakness continued to  progress for approsi
mately three months until he was unable to \+lk and, later, unable to 
bold objects .in either hand: These symptoms subsequently plateaued. and 
remained the same for an additional w o  to three months and then gradually 
began to improve. The patient also complained of a feeling of a tightness of 
his skin below his knees down to his toes. The patient had lost 30 pounds in a 
two month period. At the time this work up was done t w o  col leapes of this 
patient also complained OF similar difficulties. 
The paticst had been a painter for fifteen years and had also been in 

contact with lead as evidenced by the laboratory data. There was no history of 
excessive alcohol intake and no family history of diabetes mellitus or inher
ited nervous system disease. 

General physical examination on August 29, 1973.was described ns within 
normal limits. The neurological examination sho\ved a normal mental status 
and normal cranial nerve functions. The patient could watk only u i t h  nssist
m e .  There was bilateral foot drop as well as weakness of the quadriceps and 
hamstring muscles in the lower estrcmities. In the upper extremities the 
wrist flexor and extensor muscles were moderately weak and there was slight 
\Veakness of biceps and triceps muscles. The deep tendon reflexes were 
hypoactive in the upper extremities and absent a t  the knees and the ankles. 
The examination of the cerebellum was normal. 
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Laboratory. findings; in..August,.;1973 were ‘as foilam: HemogIobin lo$, 
Hematocrit 34.2, Itj(3X:XI, . SYBG 8,900. with nornial diEcrential; positive 
basophilic stippling swasabserved;ESR 43, Serum Fe 76: TIBC 280 with 27.1% 
saturation; glucose ‘83;slectrolytes.moFrnal$SG.QT,.LDH and total bilirubin 
were.norma1; uric acid 6.9; Vitamin B12.and folic acid were normal; L.E.cells 
negative ‘ X  3; ANA. negative x 3. Spinal fluid was clear.and colorless with 
normal .opening pressure; ;glucose 10, protein 27, no cells: and negative
VDRL.Electromyographic examination revealed positive waves, fibrillations 
and .polyvphasic:motaor:unit .potentials.with .an.incomplete interference pat
tern;: more in;rthe4-er.eJctremities. than in the. upper extremities. The left 
median nerve.motor.conduction .velocitywas.36 m’sec with a Iatency of 6.5 
msec. Chest X-ray I and.  EKC were normal. G.I. series revealed normal 
functioning of the esophagus and stomach but a deformed duodenal bulb \VU 

present without any evidence of an  acute ulcer. Gastroscopy showed a marked 
antral gastritis. byhole blood lead levels showed 85, 55. 60 and 66 mcg G on 
different occasions with normal values of 0-60 mtg G .  T\venty-four hour 
urine examination for total lead showed values of 196 rncg ctotal urine volume 
740 cc), 158 mcg (2360 cc) and 192 mcg (1165 cc) with normal 0-160. EDT.4 
mobilization test revealed 24 hour excretion of lead in tne urine to  be 1.Sss 
mcg compared with the normal value of less than 1.000 mcg. 

When the patient was first admitted he was thought to have a lead 
neuropathy. The symptoms and the signs of the polyneuropathy were, how. 
ever, felt to be somewhat unusual for a typical Iead polyneuropathy (9, 
13). The usual cases of lead neuropathy are associated with a higher concen
tration of lead in serum and urine (5 ,  6) .  This prompted the additional history 
which revealed the onset of symptoms which was clearly correlated with the 
use of MBK. In addition the outbreak of similar sympzolas in two colleagues 
(whom we were no t  able to esamine) also suggested 3IBK as the most likely 
cause. The patient was referred toqus for a neurological esamination and a 
sural nerve biopsy in ?day, 1974.The esarnination at that time showed mild 
bilateral foot drop with inability to walk on  heels znd toes. The patient$ 
muscle strength was as follo\vs rhlRC Scale): finger esrcnsors 4:5; finger 
flexors 4/5: dorsal and ventral interossei 4 5 ;  spponeL= pollicis and opponens
digiti quinti 415: anterior tibialis, posterior Libidk. p r Z ? , d S  Srtd toe esten
sors 315; all other muscle groups Were normal. S e n s p  esaminarion in the 
lower extremities revealed normal position sense; minimal vibratory lojs in 
toes, bilaterally; mild diminution of pin and temperature to the level of the 
tibial tuberosity. bilaterally; no loss of light touch; deep pain intact. In the 
upper extremities. there was a mild loss of superficial pain to  wrists. bilat
erally. Deep tendon reflexes in the biceps, triceps and brachioradialismuscles 
were I+. bilaterally. Knee jerks were trace with reix%rcemcnt: and ankle 
jerks were absent bilaterally. Romberg’s sign was neaarive aiAdcerebellar 
examination was norma]. Sural nerve biopsy showed :he following reauk: 
the number of myelinated nen-e fihers was modera:ely diminished with an 
increased connective tissue. The striking findings \$-ere the existence of 
denuded swollen asons with an enornlous increase ir. neumfilaments t.Fig. 
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\ 	 20). Mitochondria were degenerating in these fibers. Usually two or three 
nuclei of Schwann cells w r c  noted around these denuded fibers. Active 
tl'allerian degeneration with myelin debris in the Schwann cell cytopfasm 
and axonal degenerative chanps were seen occasionally. Many small myelin
ated fibers were thought to be regenerating because of the kelatibnship of the 
thickness of meylin sheath to axon caliber (231.Axonal sprouting in the 
residual basement membrane and remyelination in these sprouts was also 
encountered. Active myelin breakdown or demyelination was not found, but a 
slight degree of onion bulb formation was noted. These results were most 
compatible with a primary axonal degeneration. The existence of giant axom 
with proliferation of neurofilaments and occasional nerve fibers undergoing 
FYalIerian degeneration was quite similar to those findings in the recovery 
phase of experimental 3IBK neuropathy. The clinical picture was also quite 
typical of the patients seen during the industrial outbreak of polyneuropathy 
secondary to MBK (2). 

DISCUSSION 

The sequential morphological studies of the changes induced by MBK 
revealed that the initial abnormality produced was a gradual increase of 
neurofilarnents. IShether this was a proliferation of neurofilaments or repre
sented focal accumulations cannot be definitely answered a t  the present time. 
Since we found no areas of the ason that had a decreased number of neurofila
ments, our data appears to support proliferation of neurofilaments to 
account for these increased numbers. It seems clear that as the neurofila-

FIG.20. Swollen denuded axon from sural nerve biopsy. 4.000. Inset: high magnification
of a portion of the axon showing accumulation of neurofilnmrnrs. x 20.000. 
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ments increased there was aR enlargement ofthe axon diameter, The earliest 
swelling occurred in the paranodal regions but Int& they were seen tiny!\.here 
along the internodal segment. The initial increase in the number of neurofila, 
ments occurred at a timewhen the AC/MT ratio was unaltered. ASthis procesq 
continued there was a gradual thinning of the myelin sheath which resulted 
in an increase in the AC/hlT’ratio.The thinning of the myelin sheath at times 
proceeded to complete denudation of the swollen or “giant” axons. ‘These 
alterations of the myelin sheath appeared tobe secondary to changes in axon 
diameter as has been described by Friede and Martinez in Wallerian degener. 
ation (10) and support the concept of myelin slippage. Since these changes SO 
closely simulate the giant axonal neuropathy of childhood described by As-
bury et a1 (31, and those reported occurring with n-hexane esposure (141, w e  
believe a similar pathogenetic mechanism may account for the chan,W S  seen 
in the nerve fibers in these conditions. An additional change that occurred 
early was the presence of inpouchings of the myelin sheath. It seemed 
unlikely that this abnormality represented a priniary effect of the solvent on 
the myelin sheath. h possible explanation could be that these myelin intru
sions were the result of changes in axoplasmic transport. This concept is 
supported by the observation that in early Wallerian degeneration inpouch
ings of the myelin sheath are piominent in the distal portion of the transected 
nerve (11). i s  a matter of fact, it  may be that both of the early changes ob 
served in this neuropathy, accumulating neurofilaments and myelin in-
pouching. could be secondary to changes in axoplasmic transport. Another 
possibility could be, however, that  proliferating neurofilarnents interrupted 
asoplasmic transport and resulted in secondary inpouchings of the myelin 
sheath. 

Studies of the late changes ana the recovery phase of this MBK neuropa
thy suggested that some of the abnormal fibers proceeded to Wallerian 
degeneration. Many, however, appeared to be able to recover with remyelina
tion of the axon if further exposure was prevented. This may account for the 
clinical recovery observed in the industrial outbreak of the hlBK neuropathy 
(2). 

In comparison to other kinds of toxic neuropathies hIBK exposure most 
c)ose]y simulates n-fksane exposure (14 1.  in C W d t - Y ~ X ‘ i gt$iS S i z i ! v i t y  i T  i c  

of great interest that  in certain mycobacteria, aliphatic alkanes are utilized 
as sources of carbon (16).For example, n-hexane is metabolized through 
hexanol to P-hexanone ( h l B K f .Furthermore, i t  has recently been observed 
that  intraperitoneally injected MBK in guinea pigs is metabolized to n
hexanol (11. It is therefore conceivable that the neurotoxicity of SIBK and n
hexane ma)*be closely linked by a similar site of action or even by a common 
intermediary metabolite. 

Accumulations of neurofilaments are also seen in other kinds of neuropa
thies (8. 18, 19. 22). They are especially prominent in acrylamide intosication 
120, 21, 25)  where the earliest changes begin in  the axon terminals. This is 
clearly different from 3fBK xvhere \ve found changes in the ason terminal 

0 
t 

‘7 
6 

a 
C 

tl 
i; 

d 
e: 
l i  
Cl 


g.

Tv 

a. 

iI 
ri 
si 

dc 
sc 
si 
fo 
PI 

Vi  

tt 
P( 

re 

nc 

TI 

re 
hr 
th 
tb 
CE. 

co 
th 
Ot 

w; 

er 
bi 
OV 

th 
PE 


10/24/1996 EPA TSCA D O C K E T  




-- 

-- 

. .  

. *  

." 	.-4....I 
, . . . 
" .  

~. 

= , 


. ..,. ;> 

.. . 
i., 

.!. 

.' 1 

. .  . 

3. 
1 


1

n 

c 

:e 
b Y  


S t  

2s 

2d 

3 
2d 

n

n

on 


pa
ron 
;is 
nal 

, PERlPHEiRAt NERVE CHANCES FROM MBK AND MEK 223 

.+:.only as a veryilate finding, b n g  after aqfull spectrum of changes were seen in 
the main trunk, nerve routs and intramuscular nerves of the sciatic nervc. 
The conclusions from our sequential morphological studies of MBK exposure 
differ from those of Spencer and Schaumberg (2.1) who considered this ncurop-

I athy an example of "dying-back" neuropathy as described by Cavanaugh (7). ' 

Our studies suggest that MBK induces changes in the axon from the root to 
the intramuscular nerve with no evidence of preferential involvement of the 
most distal portion of the axon as the earliest change. We attribute this 
difference in interpretation to the fact that  w e  used much lower hIBK 
exposure concentrakiions and studied the animals sequentially rather than 
later in the courseo�the disease process- In addition we found no significant 
changes in the cell bodies of the anterior horn of the spinal cord or dorsal root 
oanglion to support a "dying-back"neuropathy. These studies suggest that 
3iBK does not produce a "dying-back" neuropath? as has been described with 
acrylamide intoxication (20, 21. 251. 

These studies also have particular relevance to possible future human 
industrial solvent use. With regard to MBK, the neuropathy induced in these 
rats at 225 ppm exgosure is the lowest level yet reported in mammals and 
strongly suggests that the margin of safety for hlBK is extremely limited. No 
doubt this will seriously handicap its future use as a widespread industrial 
solvent. Furthermore the marked potentiation of neurotoxicity observed with 
simultaneous combined exposure t o  MBK and AIEK may esplain the cause 
for the widespread outbreak of polyneuropathy seen in 89 employees of one 
plant where these solvents were used together (2. 4). On the other hand, our 
very long continuous esposures (5  months) with hIEK alone does suggest that 
this is a safe industrial solvent. apparently free of neurotoxicity, although 
potentiation o f  other neurotosic agents may present a special problem and 
requires further studies. 

In considering the clinical case reported of the patient with peripheral 
neuropathy and praionged hlBK eqosure several parts warrent comment. 
There is no doubt that  this patient had a chronic esposure to  lead which . 
resulted in siightly elevated urine and whole blood levels. I t  is very rare, 
however, for these levels to be associated with a clinical peripheral neuropa
thy ( 6 ,  13) and \ve b1iw.ethat  mn=t nf the evidence c u g p c t c  that  MBK caused 
this peripheral neuropathy. The clinical picture observed in this patient 
characterized by distal muscle weakness. as well as the sensory changes 
consisting of a distal loss of superr7cial pain, temperature, and vibration and 
the electrodiagnostic studies were identical to those seen in the industrial 
outbreak secondav to MBK (9.T i e  onset of the patient's symptoms and signs 
ivas accompanied by similar compiaints in two co-workers exposed to similar 
environmental working conditions. The changes observed in the sural nerve 
biopsy consisted of the striking presence of giant denuded axons and an 
overall appearance similar to  the recovery phase of the MBK induced neuropa
rhy. If chronic lead exposure did play a role in producing this neuropathy the 
pathological features are different from that described for experimental lead 
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c A neuropathy (12,I.f)f’andmare closely simulate those seen with experimental 18
*


AlBK exposure. The possibility atso exists that potentiation of effect between 
lead and MBK could have played a role. I9 

A&noukdpenrcn&: This inrestiffation wiw supported by Brerncr Foundation. Ohio State 
University. Columbus.Ohia. The rQpOrtedpatient was originally examined and referred by 1. 20. 
0. Dein. h1.D.. the VA Hospital. Louisville, Kentucky. 

Daily animal care was provided hy Mr. Joseph F. Pitt and technical assistance wag 
performed by Mr. Gregary L. Pittman. 21. 

The MBK and hfEK used in this study wits supplied by Tennessee Enstmnn Company, 
Kingsport, Tennessee. 
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Embryo- and Fetotoxicity of Inhaled Carbon Tetrachloride, 

I,I-Dichloroethaneand Methyl Ethyl Ketone in Rats 
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Embryo- and Fetotoxicity of Inhaled Carbon Tetrachloride, 1,l-Di
chloroethane an@Methyl Ethyl Ketone in Rats. SCHWFCZ, B.A., LEONG, 
R, K.J. AND GEHRING,P. J. (1974). Toxicol.Appl. Pharrnaml. 28,452464. 
Thesestudiesevaluatedtheeffectsofsubanestheticconcentrationsofcarbon 
tetrachloride,1,Sdichloroethaneand mcthyl ethyl ketoneon rat embryonal
and fetal development. Groups of pregnant Sprague-Dawley rats were 
exposed to each solvent 7hrlday on days 6 through 15 of gestation. All 3 
solvents caused some degree of retarded fetal development, such as delayed
ossification of sternebrae. In addition to this degree of embryotoxicity, 
exposure to methyl ethyl ketone, but not to carbon tetrachloride or 1,l
dichloroethane,also caused a low incidence of acaudia, imperforate anus 
and brachygnathia. These studies do not reveal a correlation between the 
toxicity incurred by the mitther exposed to these solventsand that incurred 
by the embryos or fetuses. 

Exposure to anesthetic concentrations (Schwetz and Becker, 1974) or subanesthe! 
concentrations of chloroform (Schwetz et d.,1974) during pregnancy has detrimen: 
effects on the developing embry:, and fetus of laboratory animals. In order to assess I i 
hazard of exposure of the embryo and fetus to subanesthetic concentrations of ot!. 
solvents found in the working environment, pregnant rats have k n  exposed 7 hr cis 
on days 6 through 15 of gestation to such concentrations of the vapors of carbon tetr 
chloride, 1,l-dichloroethane and methyl ethyl ketone. 

It was initially anticipated that if chloroform had an untoward effect on the emb! 
orfetus, it might be correlated with the hepatotoxicactivity of chloroform in the mork 
To evaluate the possible existence of such a correlation, carbon tetrachloride \ 

included in the study because of its high hepatotoxic potential and l,l-dichloroeth: 
was included because it has little or no hepatotoxic activity. Hepatotoxicity in pregn 
rats was monitored by the gross appearance of the liver, the total weight of the l i .  
the ratio ofthe liver weight to the body weight and the serum gluta,gic-pyruvic t n  
aminase (SGPT)activity. In addition, the SGPTactivity of concurrently exposed ni 
pregnant females was measured during and after the IO-day exposure period. 

Methyl ethylketone was included in the study because it is an extensively used, nc 
chlorinated solvent. More importantly, it was anticipated that the inclusion of meti 
ethyl ketone might provide a means of differentiating embryo and fetal toxicity as: 
ciated with chlorinated solvents from the effects of a nonchlorinated solvent. 
Copyright Q 1974 by Academic Press. Inc. 452 
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METHODS 
-1 Animals. Adult, Sprague-Dawley (Spartan) female rats weighing approximately 

250 g were used. The day on which sperm were seen in a vaginat smear was considered 
jay 0 of pregnancy. Between daily exposures,animals were housed in wire-bottom cages 

P 	 ind were maintained on commerical laboratory rat chow' and water ad libitum in a 
room controlled for temperature, humidity and light cycle. Food or water were not 
srovided during exposure. Food consumption of each animal was measured at Zday 
intervals throughout the experimental period. 

TABLE 1 
NOMMAL AM)  ANALY~CALCONCENTRATIONS OF SOLVENTS 

IN EXPOSUREATMOSPHERES 

Nominal 
concentration# 

Analytical 
mncentrationb 

Solvent ( P P d  QPm) 

Carbon tetrachloride 300 334k 48 
loo0 10042 90 

1,l-Dichioroethane 3800 
6000 

3798 i.462 
5620k 39 

Methyl ethyl ketone lo00 1126t 61 
3000 2618k 26 

Calculated from the ratio of the rate of liquid introduced to the rate of the 
dilution air flow. 

Determinedby infrared spectrometry, mean & SDof 3 measurements on each
thetic of 10 consecutive days of exposure.
a t a i  
ss &he Materials ami exposure procedure. Reagent grades of carbon tetrachloride: 1,l- . 

other di~hloroethane~and methyl ethyl ketone' were used in these experiments. Exposures 
.daiIy were conducted in 3.7 m3stainless steel, cubical dynamic exposure chambers. Vapors 
tetra- were generated by metering the liquid at known rates into a temperature controlled 

evaporating flaskand were diluted v..th filtered room air at a rate calculated to give the 
3bryo desired concentration. The nominal concentration of each compound in the chamber 
xher. atmosphere wascalculated from the ratio of the material delivery rate to the rate of total 
5 was air flow through the chamber. The analytical concentration was determined by analyz
thane ing the chamber atmosphere 3 times daily using a Beckman IRIO infrared spectro
gnant photometer with a multipath gas cell having a variable path length of 1-10 m and a 
liver, volume of 4.5 liters (Tables 1 and 2). In addition, the concentration in the chambers was 
:ram- continuously monitored using combustion conductivity analysis to assure the absence 
non- of significant deviations from the desired level. Because the concentrations determined 

by analyses were essentially the same'as the nominal concentrations, the nominal con
non- centrations will be referred to throughout this paper. 

iethyl Purina Rat ChowB. Ralston Purina Co., St. Louis,Missouri. 
asso-	 Lot No. 9156, Burdick & Jackson Lab. Inc., Muskegon, Michigan.

Lot No. 36.1992, The Dow Chcrnical Company, Midland, Michigan.
Lot Nos.8786, 9008, Burdick & Jackson Lab., Inc., Muskegon, Michigan. 
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,,-_ TABLE 2 
- OF TESTMA-ERIALS LEVEUOF l3msu'm 

..II. . .. c DESCRIPTION AND CALCULATED 
TO MZNOR COMPONENTSSAMPLE 

Volume % by weight

Sample and components in sampleu pprn in c h b e f  


~~ ~ -

Carbon tetrachloride 
Carbon tetrachloride 99.9 334 f48 1004+,90 
Unknown 0.1 03 1.o 

1,l-Dichloroethane 
1,l-Dichloroethane 99.7 3798 f462 5620 * 39 
Ethylchloride 0.02 1.1 1.7 
Butylene oxide 0.08 4 . 2  6.2 
Trichloroethylene 0.05 1.4 2.1 
Ethylene dichloride 0.01 0.3 0.5 
Unknown A . 0.14 5.3 7.8 
Methyl ethyj ketone 99.7 1I26S 61 2618 426 
Acetone: 0.05 0.7 1.6 
Unknown 0.25 2.8 5.5 

-

Determined by gas-liquid chromatography.
* Concentrationof the majorcomponentwas determinedby infrared spectrometry. Concentration of 

minor components was calculated as a proportion of their concentration in the liquid sample relatiit
to the major component. 

Experimentaldesign.In an initial experiment, groups of rats were exposed to 300 ppn' 
carbon tetrachloride, 3800 ppm 1,l-dichloroethane or 1000 ppm methyl ethyl ketonc 
In a second experiment, groups of rats were exposed to loo0 ppm carbon tetrachioridc 
6000 ppm 1,l-dichloroethane and 3000 ppm methyl ethyi ketone. Nonpregnant femal. 
rats were exposed simultaneouslywith the pregnant rats and were used for evaluation 
treatment-related changes in serum glutamic-pyruvic transaminase (SGPI) activis .. 
during and after exposure. 

Control animals for each experiment were exposed concurrently to filtered room ai 
The data for the 2 control groups were combined for statistical comparison with ti. 
exposed animals for all parameters except the incidenceof delayed ossification of stem. 
brae. The incidence of this anomaly differed between the air-control groups used in t!. 
first and second experiments. Therefore, the incidence of sternebra1 anomalies in r:! 
exposed to the 2 levels of each solvent was compared to their respective controls. For 
other statistical comparisons, the data for the 2 control groups were combined. 

The following were observed or measured as described in the previous paper I.. 
Schwetz ef al. (1974) :maternal toxicity, examination of fetuses for anomalies, evalu; 
tion of hepatotoxicity and statistical evaluation of body and fiver weights, SGP 
activity and the frequency of anomalies and resorptions. a 

RESULTS 
Carbun Tetrachloride 
Embryo- andfetotuxicity. Exposure of pregnant rats to 300 or 1000 ppm CCl, Oi 

days 5 through 15 of gestation had no effect on the incidence of fetal resorptions (Tab]., 
3). At both concentrations, fetal body weight and crown-rump length were significantl:. 
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than that of controls. No anomalies were seen upon gross examination of the 
tuses ffable 4). A significant incidence of subcutancorn edema was observed at 

300 ppm but not at  1006 ppm. The incidence of sternebra1anomalies was significantly 
increased in the fetuses of rats exposed to ppm Cad. 

Murernul toxicity. Food consumption of rats exposed to either 300 or IO00 ppm 
CCI,was reduced throughout the 10-day exposure period (Table 5). As expected, the 
maternaf body weight of these rats was also significantly Jess than that of controls 
(Table 9.However, there was no effect on the conception rate or on the number of 
implantations or litter size (Table 3). 

The hepatotoxicity associated with daily exposure to 300 or lo00 ppm CCI, is re
flectedby the significantly increased SGPT activity an aII  days on which it was 
measured ("able 7).By 6 days after the last exposure, the SGPT activity in pregnant 
and nonpregnant rats was not different from that of control animals.Gross changes in 
the appearance of the livetcharacteristic of CCI, intoxication @ale, mottled fivers) were 
evident immediately following the last exposure but we= not evident 6 days later. The 
relative liver weight of rats exposed to either concentration was significantly increased 
while the absolute liver weight was increased but not always significantly (Table 8). 
Cross observation of rats during exposure to 300 or loo0pprn CC1, revealed no effects 
on demeanor or signs of toxicity. 

I,l-Dichloraethane 
Enibrj70- andfetotoxiciry. Exposure of pregnant females to 3800 or 6000 ppm 1,1

dichloroethane on days 6 through 15 of gestation had no eZwt on the incidence of fetal 
resorptions, on fetal body measurements (Table 3) or on the incidence of gross or soft 
tissue anomalies (Table 4). A significantly increased incidence of delayed ossification 
of sternebrae was associated with exposure to 6000 pprn f,l-dichloroethane. Thc 
incidence of vertebrae with bipartite centra was significantly lower in fetuses of rat:: 
exposed to 3800 ppm than in control fetuses. 

Marernaf foxiciry. Maternal food consumption (Table 5)and weight gain (Table 6' 
were sli&tIy but statistically significantly decreased among rats exposed to 3800 0
6000 ppm 1,l-dichloroethane. This exposure had no effect, however,on the conceptior 
rate, the number of implantations or litter size (Table 3), SGPTactivity (Table 7)or th  
gross appearanceof the liver. The relative liver weight of nonpregnant rats was increasei 
6 days after the 10th and last daily exposure (Table 8). Othemise, RO significant alter,:. 
tions in liver weight occurred in rats exposed to 1,l-dichloroethane. No aiterations i! 
demeanor or  signs of toxicity were obsen;ed in the exposed rats. 

- Methyl Ethyi Ketone 
Enzbryo- andfetotoxicify. Exposure of pregnant females to loo0or 3000 ppm meth5 

ethyl ketone on days 6 through 15 of gestation had no effect on the incidence of fet: 
resorptions (Table 3). Although the fetal body measuremem of rats exposed to 100; 
ppm methyl ethyl ketone were decreased,these alterationswere not seen in fetuses of rat. 
exposed to  3000 pprn methyl ethyl ketone. There-were no gross, soft tissue or s ~ ~ c i f i ~  

. --___skeletal anomalies-which occurred at a significantly%F&s&3 incidcgce-I. liiters 
of dams exposed to 1OOOppmmethyl ethyl kiGne (Table 4).However, the total n u x e r  
of litters containing fetuses with anomalous skeletons was significantly increased com
pared to controls. 
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acaudate fetmes with an imperforate anus and 2 brachygnathous fetuses. Considered 
collectively, these anomalous fetuses accounted for a significantly increased number of 
the fetal population and litters havinggross anomalies compared to the incidenceamong 
the contt~ls.Sternebra1 anomalies a b  occurred at an increased incidence among 
W e n  of dams exposed to 3000 ppm methyl ethyl ketone. 

There was no single soft tissue anomaly which occurred at an increased incidence, but 
the total numberoflitters containing fetuses with soft tissue anomalies was significantly 
greater‘than in controls. 

Mderrtd to.ricirp. Exposure of rats tu 1000 or 3000 ppm of methyl ethyl ketone had 
very little effect on food consumption fTable 5 )  and had no effect on maternal weight 
gain (Table 6)during gestation. There was no effect on the conception rate, number of 
implantations or litter size (Table 31, SGPTactivity (Table 7), absolute or relative liver 
weights (Table 8) or ?Q the gross appearance of the liver. Changes in demeanor or other 
signs of toxicity were not observed in either group. 

DISCUSSION 
Eiiibryo- and feroroxiciry. The results of this series of experiments, together w i t h  

those conducted with chloroform (Schwetzet al., 1974) show that exposure of pregnaril 
rats to subanesthetic concentrations of certain solvents during gestation produced .. 
variety of embryotoxic and fetotoxic response^.^ These responses are summarized i -
Table 9. Exposure to CCI, at concentrations of 300 and 1000ppm for 7hr/day on days 1 

through 15 of gestation was not teratogenic io the developingembryo. The only anonia’ 
which may have been associated with exposure to CCI, was bipartite sternebrae amoi. 
fetuses of dams exposed to 1000 ppm. 

Exposure of rats to 3800 or 6000 ppm of 1,l-dichloroethane caused very li t1  
embryotoxicity. The single anomaly which occurred at an increased incidence, dela!. 
oshfication of sternebrae, reflects retarded fetal development. 

Exposure of rats to 3000 ppm of methyl ethyl ketone caused a low incidence of 11‘ 

malformations (acaudia, imperforate anus and brachygnatliia). In our laborato. 
these anomalies have not been observed in more than 400 control litters of this strain 
rat-. In addition to these terata, a significantly ixreased incidence of anomalies indi 
tive of retarded fetal development was observed among litters of dams exposed 
methyl ethyl ketone. 

In a previous study, chloroform was found to be highly embryotoxic at a concent 
tion ofjcst 4 times its Threshold Limit Value (TLV) of 25 ppm and was slightlyembr: 
toxic at 30 ppm (Schwetz er al., 1974). A 7-hr daily exposure to d material at or beloti 
TLV is generally considered safe for humans. These values, which are recommendatit 
of the American Conference of Governmental Industrial Hygienists (ACGIH, 197 
were determined on the basis of the following criteria for the solvents used in th. 
studies: CCI, and chloroform, liver and kidney damage; I,1-dichloroethane, Ii; 
damage and narcosis; methyl ethyl ketone. narcosis and irritant properties. In the p. 
5ent study, CCI, at concentrations up to 100 times its TLV of 10 ppm was not terai 
genic, and in fast, caused very little evidence of embryotoxicity. Exposure of rats 

A report kyThompson er nl., “Teratology studies on orally administeredchloroform in the rat a, 
rabbit” has been accepled for publication in a later issue of this journal. 
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ketone at 5 or 15 times the TLV (TLV=200 ppm) caused very little embryotoxicity.
Thus,relative to their respectiveTLV,CCI,, 1,l-dichloroethant and methylethyl ketone 
were not nearly as toxic to the developing embryo and fetus as chloroform. 

Correlatimbetween embryo orfetal toxicity and niatmtal toxicity. Of the solvents 
examined in these studies, CCX, caused the greatest degree of maternal toxicity. This 
included decreased weight gains and food consumption during pregnancy, increased 
SGPT activity, altered absolute and relative liver weight and gross appearance of the 
liver. Inspiteof this great degreeofmaternal toxicity, the embryo and fetal toxicity was 
limited to simple retardation of fetal development. Exposure to 1,l-dichloroethane 
causedLittleorno maternal toxicity as well as very little embryo and fetal toxicity. Fetal 
toxicity was limited to simple retardation of fetal development. Exposure to methyl 
ethyl ketone caused no measurable maternal toxicity. However, embryo and fetal toxi
city included true terata as well as evidence of retarded fetal development. Exposure to 
chloroform caused some maternal toxicity but considerably greater embryo and fetal 
toxicity. The largest factor of the maternal toxicity, anorexia and its resultant weight 
loss, was demonstrated not to be responsible for the embryo and fetal toxicity 
associated with chIoroform exposure. 

These results suggest that there is no correlation between the toxicity incurred by thc 
mother and that by the embryo or fetus with these solvents. The solvent which caused 
the least maternal toxicity, methyl ethyl ketone, showed a potential for producing 
terata. The compound which caused the greatest degree of maternal toxicity, CCI,. 
did not produce terata. 1,I-Dichloroethane caused only very slight maternal toxicity and 
likewise only very slight fetotoxicity. It is jntcresting to recall that chloroform caused 
maternal toxicity and was highly toxic to the embryo and fetus. 

Using the results of these studies in which pregnant rats were exposed to CCI,, 
1,l-dichioroethane or methyl ethyl ketone 7 hr/day on days 6 throtgh 15 of gestation. 
the following conclusions are made: (a) Carbon tetrachloride at 300 or 1000ppm is no: 
highly embryotoxic; (b) 1,ldichloroethane is only siightly embryotoxic at 3800 or 
6000 pprn; and (che thyl  ethvl ketone at 1000 or 3000 ppm is embryotoxic, fetotoxil 
d potentiallv teratogenic. In addition, the results of these studies together with &C 
on Chloroform show that there is no correlation between the toxicity of these material 
to the mother and to the embryo or fetus. 
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Developmental Toxicity of lnhaled Methyl Ethyl Ketone in Swiss Mice. SCHWETZ,B. A,, 
MAST,T. J., WEIGEL,R.J., DILL,J. A,, AND MORRISSEY,R. E. (1991). Fundam. AppL Toxicol. 
16, 742-748. Methyl ethyl ketone (MEK) is a widely used industrial solvent to which there is 
considerable human exposure. To assess the potential for MEK to cause developmental toxicity 
in rodents, groupsof Swiss (CD1) mice were exposed to 0,400, IOOO, or 3000 ppm MEK vapors 
7 hr/day on Days 6- 15 of gestation. Groups consisted of about 30 bred females each. Exposure 
of pregnant mice to these concentrations of MEK did not result in overt maternal toxicity although 
therewas a slight, treatment-relatedincrease in relative liver weight which was statisticallysignificant 
in the 3000 ppm group. Mild developmental toxicity was observed in the 3000 ppm group in the 
form of a reduction in mean fetal body weight. This reduction was statisticallysignificant for the 
males only, although the relative decrease from the control values was the same for both sexes. 
There was no increase in the incidence of resorptions or the number of litters with resorptions 
among mice exposed to MEK. There was no significant increase in the incidence of any single 
malformation. but several malformations which were not observed in the concurrent control 
group or the controls of contemporary studies were present at a low incidence-cleft palate, fused 
ribs, missing vertebrae, and syndactyly. There was also a significanttrend for increased incidence 
of misaligned sternebrae, a developmental variation. In summary, pregnant Swiss (CD-I) mice 
were relatively insensitive to the toxic effects of MEK at the inhaled concentrations used in this 
study. However, the offspring of the mice exhibited significantsigns of developmental toxicity at 
the 3000 ppm exposure level. Neither maternal nor developmental toxicity was observed at IO00 
ppm MEK or below. 0 1991 society ofToxicology. 

Methyl ethyl ketone (MEK) is a widely used 
industrial solvent with a 1984 production fig
ure of 556,000,000 Ibs. (Yang, 1986, and ref
erences therein). Inhalation of MEK vapors 
and skin contact with liquid MEK are the ma
jor routes of human industrial exposure. The 
ACGIH (1988)has adopted a TLV of 200 ppm 
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and a short-term exposure limit of 300 ppm 
for MEK. 

The toxicology literature on MEK has been 
thoroughly reviewed by Yang (1  986). Animal 
studies have shown MEK to cause relatively 
little toxicity from acute or short-term repeated 
exposures. For example, a 90-day inhalation 
study of MEK in male and female F344 rats 
exposed to 0;1250,2500, or 5000 ppm MEK 
6 hrlday 5 dayslweek produced no adverse ef
fects on the clinical health or growth of either 
sex (Cavender et al., 1983). While this study 
showed no evidence of neurotoxicity, MEK is 
known to potentiate n-hexane-induced neu-
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rotoxicity as well as that caused by other hy
drocarbons (Altenkirch et al., 1978). MEK also 
potentiates the hepatotoxicity of chloroform. 
MEK has not been found to be mutagenic in 
mammalian or bacterial cell systems, but 
causes aneuploidy in yeast (Yang, 1986, and 
references therein). 

The metabolism of MEK has been well 
characterized and is similar for all species ex
amined-guinea pigs (Di Vincenzo et al., 
1976), rats (Dietz and Traiger. 1979), rabbits 
(Sanoyeshi, 19 1 l), and humans (Perbellini et 
ai., 1984). The elimination half-life from 
serum was found to be 270 min following ip 
injection in guinea pigs (Di Vincenzo et a!.. 
1976). MEK is well absorbed through the skin; 
Munies and Wurster ( 1  965) reported the pres
ence of MEK in expired air within 2-3 min 
following application of the solvent to the skin 
of humans. The rate of elimination from the 
blood is independent of the route or mode of 
exposure. Induction of the cytochrome P450 
systems by MEK and/or its metabolites has 
been demonstrated by Abdel-Rahman et a]. 
(1976). Toftgard et al. (1981) also found in
creased liver weights and cytochrome P450 
content of the liver of rats exposed to 800 ppm 
MEK for 6 hourslday 5 days/week for 4 weeks. 

Developmental toxicity studies with MEK 
have been reported in rats. Schwetz et al. 
( 1974) exposed timed-pregnant Sprague-
Dawley rats to concentrations of 0, 1000, or 
3000 ppm MEK on Days 6- 15 of gestation. 
MEK exposure had no effect on resorptions, 
fetal crown-rump length, sex ratio, or on the 
maternal body weight or weight gain during 
gestation. Fetal body weight was slightly de
creased for both exposure groups but the de
crease was statistically significant only at the 
1000 ppm level. Major malformations were 
observed only at 3000 ppm-one fetus in each 
of four litters. Two of these fetuses were acau
date and two were brachygnathic. There was 
a significantincrease in the percentage of litters 
having fetuses with reduced ossification of 
bones and extra ribs at both concentrations of 
MEK. The incidence of soft tissue anomalies 
(subcutaneous edema and dilated ureters) was 

also greater in the MEK-exposed groups than 
the controls and this increase was statistically 
significant in the 3000 ppm group. 

As a result of the findings of Schwetz et a/. 
(1974), another study was conducted by Dea
con et al. ( 198 l ). also in Sprague-Dawley rats. 
In this study, sperm-positive rats were exposed 
to 400. 1000,or 3000 ppm MEK, 7 hr/day on 
Days 6- 15 of gestation. The dams did not ex
hibit any clinical signs of toxicity but decreased 
weight gain and increased water consumption 
were observed at 3000 ppm. As in the earlier 
study, there was no significant effect on the 
mean number of live fetusesor resorptionsper 
dam. The percentage of litters with fetuses ex
hibiting delayed ossification of vertebral centra 
was increased in the highest exposure group, 
as in the earlier study. Also as previously re
ported, the percentage of litters with fetuses 
having reduced ossification of skull bones was 
lower in the 3000 ppm exposure group than 
in any of the other groups. While the reduction 
in the incidence of reduced ossification of the 
skull bones is of uncertain importance. both 
studies supported a conclusion that develop 
mental toxicity was observed-in the presence 
of maternal toxicity in one study and in its 
absence in the other. 

Epidemiologic studies have also supported 
that exposure may be associated with adverse 
effects on human development. Holmberg and 
Nurminen ( 1980) reported a statistically sig
nificant increase in the incidence of children 
born with central nervous system defects fol
lowing maternal exposure to organic solvents 
during the first trimester of pregnancy when 
compared to children of unexposed mothers. 
MEK was among the organicsolventsto which 
the affected cohort was exposed. These authors 
further reported that no significant difference 
in the incidence of children with such defects 
was found when occupational exposures to 
metals, pesticides, dyes, noise, temperature 
extremes, fumes, or radiation were used as the 
analysis variable. Thus, because of the large 
number of people exposed to MEK and be
cause the results of two studiesin ratssuggested 
that MEK may be a developmental toxicant, 
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this study was conducted to evaluate the de
velopmental toxicity of inhaled MEK in a sec
ond species of laboratory animal, Swiss (CD
1) mice. The concentrationsof MEK selected 
for this study were chosen to duplicate those 
used in a previous developmental toxicity 
study in rats (Deacon et ai.,1981 ) and because 
3000 ppm was anticipated to be an appropri
ately high concentration for a study in mice. 

MATERIALS AND METHODS3 

Animals and animal husbandm. Four groups of female 
Swiss mice [(COBS) (Cr1:CD-IX1CR)BR Swiss Albino 
mice]' 12 weeks of age at the beginning of the studies, 
were exposed to either filtered air as the control group or 
400, 1000, or 3000 ppm MEK vapors, 7 hr/day for 10 
consecutive days. Each of the four exposure groups con
sisted of 10 virgin and 33 plug-positive female mice. All 
groups were randomly selected using body weight as a 
blockingvariable. Virgin mice were includedto assess ma
ternal toxic effects which may result solely from the state 
of pregnancy. The day of plug detection in mice was des
ignated as Gestation Day 0. Pregnant mice were killed on 
Gestation Day 18 and virgin females were killed 3 days 
after the last exposure. Control animals were housed in 
an exposure chamber in the same room and were handled 
in the same manner as the mice that were exposed to MEK. 
Mice were housed in quarantine rooms for 4 weeks prior 
to startof exposures. Males and femaleswere housed sep 
arately on stainless-steelwire racks equipped with aut& 
matic waterers. During the quarantine period, six males 
and four females were killed and examined for gross and 
microscopic lesions. Nasal pharyngeal washes from these 
animals were cultured for bacterial pathogens and serum 
from each animal was tested for antibodies to selected 
pathogens. Another check for antibodies was performed 
on serum obtained at the final euthanization from five 
females in the control and highest exposure groups. All 
resultswere negative for significantpathogens and lesions. 
Study animals were observed daily for mortality. morbid
ity. and oven signs of toxicity. 

Food5 was provided freechoice during the entire time 
the animals were in the test facility except during the 7
hr daily exposure when it was removed to prevent con
tamination. Room lighting was maintained on a 12-hr 

The NTP report of this study will be availablethrough 
the National Technical Information Service. This study 
was conducted in accordancewith FDA's Good Laboratory 
Practice. Regulations for Nonclinical Laboratory Studies 
(FDA, 1978).
'Charles River Breeding Laboratories, Raleigh, NC.
'N1H-07 diet, Ziegler Brothers. Inc., Gardner. PA. 

cycle (0600-1800 for the light phase). Mean chamber 
temperaturesduring the study were maintained within the 
limits of 75 +. 3°F. Mean percentage relative humidity in 
all exposure chambers was within the specified limits of 
55 f 15%. 

Test chemical and exposures. MEK (CAS No. 78-93
3) used for thisstudy had an initial percentagepurity greater 
than 99.91, confirmed by infrared spectrometry. For in
halation exposures. 2.3 m3 stainless-steel chambers were 
used which contained three levelsof caging, each of which 
was split into two offset tien.6 Filtered air containing a 
uniform mixture of MEK flowed through the chamber at 
approximately 15 ft3 per min to provide 15 air changes 
per hour. Within the chambers, air flow. vacuum, tem
perature, relative humidity, and test chemical concentra
tions were monitored at approximately 4-hr intervals. 
MEK vapor was generated by a rotary evaporation system 
which produced high purity MEK vapor. Nitrogen was 
introduced at low pressure to force MEK vapors out of 
the evaporator flask.The mixture of nitrogen and MEK 
were thoroughly blended with a conditioned air stream 
prior to entry into the chamber. Uniform distribution of 
the vapors in the chamber was confirmed. The concen
trations of MEK in the chambers were monitored with a 
gas chromatographicsystem having an estimated precision 
of + I %  and detection limit of 0.5 ppm. MEK was not 
found in the control chamber air or in the air surrounding 
the chambers in the exposure room. 

Observations.Female mice were weighed at intervals of 
3-5 days throughout the study. On Gestation Day 18. bred 
mice were killed with CQ, weighed. and examined grossly 
for signs of maternal toxicity. Maternal liver and kidney 
weights were recorded. Apparently nongravid uteri from 
mated females were stained with 10%ammonium sulfide 
to detectpossible implantationsites. The number. position. 
and statusof implantswere recorded for each gravid uterus. 
Placentaswere examined and discarded. Live fetuseswere 
weighed and examined for gross defects. and their sex was 
determined by internal examination of the gonads after a 
lethal injection of Nembutal. Fifty percent of the live fe
tuses and any fetuses with gross external abnormalities 
were examined for visceral defects by dissection of fresh 
tissues. The heads of 50% of the live fetuses were removed 
and placed in Bouin's fixative. After fixation the heads 
were serial-sectionedwith a razor blade and examined for 
soft tissue craniofacial abnormalities. All fetal carcasses 
were prepared for skeletal staining. Cartilage as well as 
ossified bone was visualized by double-staining with alcian 
blue and alizarin red S. The individual identity of each 
skeletal and head specimen was maintained throughout 
the study. 

Statistical onalws. All means and standard deviations 
for animal data were analyzed using the SAS general linear 
models procedure (SAS, 1985) with an analysisof variance 
model for unbalanceddata.Response variables, either body 

* Harford System: Lab Products, Inc., Aberdeen. MD. 
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TABLE 1 

SUMMARYOFTHE METHYLETHYLKETONE EXFOSURE 
CHAMBER CONCENTRATIONS (ppm) DURING A 
DEVELOPMENTAL STUDY WTIH MICETOXICITY 

Exposure group (ppm) 

400 lo00 3000 

Mean Jt SD 398 k 9 I010f28 3020 f 79 
Maximum 439 1 I40 3340 
Minimum 352 894 2490 
% Samples 

5 10%oftarget 100 98 99 

weight or the arcsin transformations of proportional in
cidence data. were analyzed against the class variable 
“treatment” in a one-way analysis of variance model. A 
Tukey’s I test (two-tailed) was used to assess statistically 
significant differencesbetween control and exposed groups. 
If appropriate. the dose-response relationship was deter
mined by means ofan orthogonal trend test (Winer. 1971). 
In the case of proportional data. the f tests and trend anal
yses were performed on transformed variables. The litter 
was used as the basis for analysis of fetal variables. 

RESULTS 

The average concentrations of MEK in the 
chambers during this study are summarized 

in Table 1. The average punty of MEK in un
occupied chambers and the distribution line 
to the chambers was 99.4% during test gen
eration and 99.9% in chambers occupied by 
animals during the exposures. Thus, the tech
niques used to generate MEK vapor for the 
inhalation exposuresdid not affect its stability. 

There were no differences in MEK toxicity 
between the virgin and pregnant female mice 
(data not shown). Therefore,the adult toxicity 
data referred to in the rest of this report is for 
the pregnant females. The mean pregnancy 
rate of the bred females was 82% with no sig
nificant difference in pregnancy rates between 
the MEK-exposed and the control groups. 
Mean body weightsand weight gains were not 
affected by exposure to MEK at any time dur
ing the study when compared to the 0 ppm 
group (Table 2). The relative liver weight of 
the 3000 ppm group was significantly higher 
than the corresponding control relative liver 
weight. The relative kidney weight for the 3000 
ppm group was also significantly greater than 
the control value; however, since the mean 
relative kidney weight was essentially the same 
for the 400 and the 3000 ppm groups, and 
lower for the IO00 ppm group, this change 
was probably not biologically important. 

TABLE 2 

METHYL TOXICITYETHYLKETONE MOUSEDEVELOPMENTAL STUDY: MEANW D Y  
WEIGHTS. WEIGHTAND ORGAN AND EXTRAGESTATIONAL GAINS 

~ 

Body wt n =  26 23 26 28 
GD 6 28.8 f 1.7‘ 28.4 k 1.9 28.8 f 1.8 28.7 rt 1.9 
GD9- 31.5 f 1.8 31.2 ? 2.1 31.4 2 2.1 31.8 f2.0 
GD 15 44.7 2 3.4 44.2 f 3.6 44.0 f 3.3 45.0 f 3.8 
GD 18 53.3 rt 5.1 52.2 f 5.1 51.9 f4.1 53.0 +- 4.9 

Extragestational wt gain 6.9 f 1.4 6.5 rt 1.6 6.5 2 1.9 7.6 f2.0 
Uterine wt 20.1 f 3.6 19.3 f3.7 18.8 f2.9 19.1 2 2.7 
Relative organ wt (g/100 g body wt) 

liver 5.28 .+- 0.6 I 5.16 +. 0.62 5.41 f0.36 5.67 f0.41; 
kidney 0.82 k 0.07 0.87 f0.1 I 0.85 rt- 0.05 0.87 2 0.07; 

a Grams.mean fSD. 
Maternal weight gain during gestation corrected for gravid uterine weight.

* Significantlydifferent from control, p c 0.05. 
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Exposure of pregnant mice to MEK vapors 
on Gestation Days 6-15 did not affect the 
number of implantations or the percentage of 
live fetuses or intrauterine deaths per litter as 
compared to the controls (Table 3). Reduc
tions in body weight of both male and female 
fetuses were significantly correlated with in
creasingconcentrations of MEK, with the dif
ference from control being statistically signif
icant at 3000 ppm for males but not at lowet 
concentrations. However, both males and fe
males body weights were lower than the con
trol group by the same relative amount, about 
4%. The number of live fetuses per litter that 
were malformed and the number of litters with 
one or more malformed fetuses was increased 
in the MEK-groups compared to the controls 
but the differences were not statistically sig
nificant on the basis of either the number of 
fetuses or litters affected or the mean number 
of malformed fetuses affected per litter. How
ever, there were four malformations (Table 4) 
observed in exposed groups that were not 
present in either the current control or in con
temporary control groups. These malforma
tions consisted of three fetuses with cleft palate 
(two in the 400 ppm group and one in the 
1000 ppm group), two with fused ribs (one in 
the lo00 ppm group and one in the 3000 ppm 

group), one with missing vertebrae in the loo0 
ppm group, and five with syndactyly all from 
a single litter in the 3000ppm group. Although 
there was not a significant trend for an increase 
of malformations with respect to increasing 
concentration of MEK, the 3000 ppm group 
did have a higher combined incidence of mal
formations than did either of the two lower 
exposure groups. 

Gestational exposure to MEK resulted in a 
significant, treatment-related increase in the 
incidence of misaligned sternebrae with re
spect to the control group (Table 4). The in
crease (not statistically significant)in the mean 
percentage per litter of total variations was due 
mostly to the increase in misaligned sterne
brae. 

DISCUSSION 

Exposure of pregnant Swiss (CD-I) mice to 
0.400. 1O00, or 3000 ppm MEK did not result 
in apparent maternal toxicity. although an ex
posure-related increase in the relative liver-to
body-weight ratio was present and statistically 
significant at 3000 ppm MEK. This increase 
in liver weight, above the increase normally 
observed during pregnancy, may be related to 

TABLE 3 

METHYLETHYLKETONEMOUSEDEVELOPMENTAL STUDY: I S  L'TERO DEVELOPMENTTOXICITY 

Exposure group (ppm) 

0 

Implantations/dam 12.4 f2.3" 
Live fetuses/litter 11.9 f2.3 
ResorptionJlitter 0.5 f0.8 
Dead fetuses/litter 0 
Litters with resorptions 9/26 
Fetal wt. male (g) 1.38 f0.07 
Fetal wt. female (g) 1.32 f0.08 
% males 50f  12 
No. live fetuses malformed/litter (TO) l(0.3) 
No. litters with malformed fetuses (%) 1 (3.8) 

Mean fSD. 
* Significantly different from control, p < 0.05. 

400 

12.2 k 2.3 
11.3 f2.5 
0.9 f 1.0 
0.0 k 0.2 

12/23 
1.38 f0.06 
1.33 2 0.08 

47 2 13 
3 (1.2) 
3 (13.0) 

1000 3000 
~ ~~ 

12.3 f 1.8 12.3 f 1.8 
11.2 f 1.6 11.5 rt_ 1.9 

1 . 1  f 1 . 1  0.7 f0.8 
0 0.1 +- 0.3 

16/26 16/28 
1.34 fO.10 1.31 2 0.08* 
1.31 2 0.06 1.27 f0.08 

4 3 2  15 51 f 18 
3 ( 1 .O) 9 (2.8) 
3(11.5)  5 (17.9) 
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TABLE 4 

METHYLETHYLKETONE MOUSEDEVELOPMENTAL STUDY: MALFORMATJONSTOXICITY AND VARIATIONS 

Malformations 
Clefi palate 
Fused ribs 
Limb flexure 
Missing vertebrae 
Syndactyly 

Variations 
Sternebrae 

misaligned 
fused 
reduced ossification 

Supernumerary ribs 
Skull-reduced ossification 

Exposure group (ppm) 

0 400 1000 3000 0 400 lo00 3000 

No. fetuses" No. litters 
~ 

3 10 260 29 1 323 26 23 26 28 
0 2 I 0 0 2 I 0 
0 0 I 1 0 0 I 1 
1 1 0 3 I 1 0 3 
0 0 I 0 0 0 1 0 
0 0 0 5 0 0 0 1 

31 21 49 58 1s 14 1s 21 
0 1 I 1 0 1 1 I 
6 6 16 14 5 4 . I 1  7 

56 44 5s 65 17 13 15 22 
3 3 2 5 2 2 2 3 

a All fetuses were examined for external and skeletal defects: one-half had head removed prior to skeletal staining 
for soft-tissue craniofacial evaluation. Visceral examinations were performed on approximately 50% of live fetuses and 
all fetuses with external defects. 

'Significant trend, p < 0.05. 

enzyme induction as reported for rats by Toft
gard et al. ( 1  981 ). Developmental toxicity was 
observed in the present study in the form of a 
significant decrease in fetal body weight at 
3000 ppm MEK as well as a significant trend 
for an increase in the incidence of misaligned 
sternebrae, a skeletal variation. The incidence 
of fetal malformations in the MEK-exposed 
groups, although not statistically significantly 
different from control, is of some concern since 
several malformations were present which 
were not observed in concurrent or contem
porary control groups of the same strain of 
mouse. The percentage of litters having fetuses 
with malformations was also greater for all 
MEK exposure groups than for the controls, 
although the differences were not statistically 
significant. 

The results of this study in mice are remi
niscent of those reported previously in two 
studies in Sprague-Dawley rats (Schwetz et al.. 
1974; Deacon el al., 1981) where major mal
formations were found in only the 3000 ppm 

group. The relative sensitivityof rats and mice 
for an effect on fetal body weight is unclear 
since in the present study fetal body weight 
was significantlyreduced at 3000 ppm but not 
at lower concentrations; fetal rat weights were 
significantly reduced at the 1000 ppm level 
but not at 3000 ppm (Schwetz el al., 1974). 
Considering these three studies collectively, 
MEK caused developmental toxicity in the 
presence of mild maternal toxicity in rats and 
mice, and, in one rat study, in the absence of 
maternal toxicity. 

The developmental toxicity of 2-butanol, a 
known metabolite of MEK. was investigated 
by Brightwell ef al. (1987)in Sprague-Dawley 
rats. Pregnant females were exposed by inha
lation to 3500, 5000, or 7000 ppm 2-butanol, 
7 hr/day, throughout gestation until they were 
killed on Day 20. Maternal toxicity was evi
dent at the highest concentration, as mani
fested by a reduction of weight and food con
sumption. There was no increase in the inci
dence of fetal malformations at any 
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concentration of 2-butanol. A reduction in 
mean fetal body weight was observed at the 
7000 ppm concentration. Thus, at least one 
metabolite of MEK was not developmentally 
toxic even when administered at concentra
tions above tho& used for the parent com
pound in this study. 

In summary, the results of this develop 
mental toxicity study of inhaled methyl ethyl 
ketone in mice are similar to those reported 
earlier for rats; in both species, developmental 
toxicity has been observed in the presence of 
mild maternal toxicity, and a low incidence 
of malformations along with other evidence 
of developmentaltoxicity. In the present study 
in mice, no maternal or developmental tox
icity was observed at concentrations of 1000 
ppm MEK or below. 
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Aldehydm 

Nitrile 

tn  the  dintillatton pot, togdtber with a IO+& 
al iquot  of tha lrrtwnal standard, n-prcpanol (IS0 
p ~ msolution in purifi.b vatrrr). Thr raaplo WDI 
then heated to boil- under nitrogw, while the 
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j D  mL/min for 20 &I thraugh a valve and poroum
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syringe PUOD. The trappad orpnioa ware thor
aal iy  damorbod (125'C) into the 90-nL mnplo loop 
With 25 aL O f  nitPOEWIa StsndWd OPlABratfon 
solutlona, e t  oonoeatration alai1.r to the eonden
aetaol underwent the mne procedure. Thm ov~r.11 
cffLalenop of the trap-md-Qr8OPb proordure
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blank are shown ln Ptvn 2 0-r than metnaml, 
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tarminations of ~1e.nrf0law aonatonts were 3p0 plp reiultfng w l @ l y  frea 2-butanone, Tertiwy buta-
L" f o p  the a~phat ioalacho~sm4 20 mq; L- TOP no1 w i d  1danC;Lfind and quantltntad in TWsOn, but 
the le@@ wlublm aldehyd8B1 k&0n08, a d  nitrile. war not dst+ated outdde town. Fcraaidrhydb
Qtnor in~estlgtors [Frinnt and surra, 19791 mixing.rnUao a t  or &bow 1 ppbv were found at 
Klrokbumah and King, 19191 ha1143 dsmanrrtrated a11 three Bites but warm higheat In the aity;
adh8renw to Kmnry'n lkw, far ldrPilrr oompndr,  urban and M o p n l c  aoatributiona csnnof; ba bepar
a t  auuwus oomentr&,otioorbslorr W O O  mg L' . atedm A 1 1  othm 8rtbsmoer exhibitad &@If%

cantly lower rrtlos wkmn smplrd out8ide 
Rwulta and Db,aundon Tuoron. 

The partition aoefllaisnt8 are ohown in hble PlaausmLon 
2. Wtrratam Y S l l l . 8  for 298% ope 8hown to the 

right of tho pressat data. At 298'iE, thirr i 8  uitn the bxoeption of formtbldehyQ�i, nono or 

agreement, withln axprrimontol error# between the tne organic vcrpra ianrrrstlgtad in this st;ldy ham 

tu0 WtB Of &tar been rxtbnriveiy Dtudird in both urban and rural 


Tabla 2 aemonotntea that vapor solubillticr environments. Table 3 contafno 8 rusmpry o f  the 
~eorearew i t h  nebeurrmmatD @ace by other invesW8ate.-8,or w e  siaotmla at 298% ( ~ ~ ~ ' 9

immaaLng mrbon nuraber. However, tha heat lib- *Noteworthy w e  tbs uprm dab od the raphatic
epated sn transfar o f  orgmie mpor t o  d i l u b  aloohol& 
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Alcohol& 

Cavanr 
atxi narm 
eluded 
fernenti 
Photoohe 
1978;
[Bellar 
19642, : 
1981;, 8 
also 5 
a tnospr 
$ k O U l d  
Lifet i E  
ooncen 
methar 
days
Pernow 
pa-at!

In 

;1969?
carbo 
were 
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AlOOhOb 


5 9.8 10.7 
5 
5 

13
14 

12.5 
13.8 

14 19.0 
4 14 14.8 

14 14.0 
16 15.4 

14.4 


Kstonsa 

2.5 (*Q.l) 0.63 (20.031 0.67 rc a.9 9.7 
2.3 (iO.1) 0.43 (20.02) 0.53 4 11 

1.4 (M.2) 

Aldehyde? 

0.311.7 (%lo.ll (tO.021 0.38 4 11 10.3 
0 ,80 I~*Og)0.18 (M.1) 9*7 

a33 4 

Ultr l leb 

7.3 

7.5 

5. Buttery mt, a3, [1971]
6, National Reemoh Counoil [I9291
7. mter and Haldman ti95ai 
8. Pal& and hnwn [I9713 

oould be aeteoted only in the city. T l ~ ioi ty  was 
alorrly a aowoe cf metbol and ethanol, but not 
ci n-butfmli the mnaentration ratio, urban to 
rural, wan greater for ethanol Wan fQP r l l  other 
rpeoisr maaaured. "ha ol ty mourau v u  nppu'ently 
not vaporhation o r  gawunej none e the m w r  
rupplierr In Tuoson udmlthtd t o  add- ethanol in 
1982 

A atotirrtiorl teat m a  p6rformed for dlfrer
enoe betwarn dry and n4cht-m ooncmnfrationl 
(80s TaDlm 4). Of the rlcoholr, only the buta~olr 
aaowod D *ronirraMt dlfferenoe, MQthen only for 
the Tuoron data; n le t t ime nlwa uwe Wmr. 
Saw butaaolr are roactFmcu w a d  aa i3r.oll.i. 
~ d d l t l * s ~ ,tbO86 WUUlt8 8WWBt t h L t  
rvaporauon after Wle svmnhg " b u m  bow" and 
lower verttwl miring rater m d u w  tnr larger 
QA#It tSoO V6lW6 WIWn the O l t Y .  The 8b8*n8@ Of' 
athmr masurablm d i m 1  diffmmnoea, oi ty  or 
rural, h not m-priulnp for t h a  long-Uvea ape
des# it dorm not allow urn to btweea 
pFbOw e 6 b E h t l  W photooh$diolrl ProduaWa. 
Both emmLoions urd rodionGirdi.te4 produotion aad 
lorr Oould esslly haw mtmiTar diurnal variation. 
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TABLE 3. Acmorphric Conaontratlm of Lfght Organlo8 Obberved in Thia 
Study and by Other Uorkorr 

AOetonitrlh 

A brief  
(7 1 >0.01 5 already bee 

Expeetad si  
19831 l i e  t 
menta arr 

f2 L fhe otandard deviation of tbo ooaoentratkm dnta, N the number o f  meaeuremanta, ground conc 
To1u.1~ used as internal 8tanaar.d In marly 7982 soma aontrf
Y. Beaker and Ionesou 119821 
2. 	 aroedias s t  ale [I9731
3, Cavanan e t  a1. t19691 
4. Grorjean 119821 Thunder$ 
5. 	 Hanrahon urd Arnold [1S81] and 11, i 9 f  

Noltzort mi W a F  E19811 collection6,
7. Robbron a t  al. [1973]
8. 	 Singh and h M t  [1981]
9, Zarirbu e t  EL tigaol 

10. Johanrron [I9761 
11. LOWO e t  al. [ rsa i i  

Carbonyl8 

raln and hi 
liquid wat 
oloudn ar 
prooearrerr
face8 used 
ities, siaac 
Borne etage 

disU1lPCLon 8tap8 whlah QlOsely define an acotpt- vaport’llqui, 
able rargs of to lubi l i ty  i n  water. No other l i g h t  interaction 
orpnior have similar retention m e  on P m p a k  cipitation 

icand comparable wakr wlubillty. The large ents as 
ncet~ldahydr/Yoraalde~ydt ratio muat p oaneantrati 
unexplained. ainae they 

As axpeatrd, aoetom was pr8nont i n  Talrly him water cantr 
concrntrr tkn. ao on. On 

The oarbanyla, other tnan acetone, rhowet! eig- tion to  co 
niificant diurnal differencam at the rural aitis! a are shown 
daytime araxlmuzn W8m rowdl Only iormaldahyde pound0 e%hi 
may haw ahown the aano trend l a  Tuoron (Table tion, uher 
4). The diurnal ohanps wuld nruxt rron dr pleted.  
photcaheridtlcy, precuraor transport, or dllution nore on f 
by rri@ttims drr inrp.  Sin04 the alooholrr d id  not hole, as ii 
ahow a rimilw trend, thebe ObSeFVUtiQM WgUO t;Lea, but 
that trmnport and drainage were not mJor fnc- all the I 

tore. It Baama likaly, therefOre, t h a t  the soluble tl 
aloonol ocncsntratima are dominates by priarry n y l s  ara 
oalsaiena and tk4 oarbonyLrr by photoghadoal not  there 
produotion. ent vert3 

L 
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tert-butanol 0.487 2 0,073 0.162 f 0.039 i o  6 0.96 
n-butanol 0.096 t 0.053 0.160 t 0.054 11 6 0.97 
Pormaldrhyde 2.25 3 0125 1.53 f 0.56 5 3 0.91 

-NQnUPb4U Loaations ( M t .  Lamno; and Santa Rita Experimental Ranpel 

n-bytanol 0.07.2 i D.033 0.057 t 0.028 8 10 0.65 
fermrldshybe 2.9 f 1.4 1.1 t 0.5 13 14 5-96 
acohldahyde 8.3 2.2 5.8 t: 2.2 8 10 0.96 
2-bUhaQne 0.59 * 0.16 0.42 It 0.13 8 10 0.97 
aoetone 3.2 3 0.8 2.8 f Q ?  8 10 0.70 

--_I---
_.- I_-

& is a standard doviation; Hd and N, are t h e  nuaber Of dry and nignt 
measurnmnnta, reapeotively. 

kcetanitrile 

A pcief notr on the acetonitrile datu has 
aready been publiahrd h l d e r  and Dawaon, 1984s. 
Bpected aurffm OonmntraUona terasseur et LIS, 
lg$j]  110 batwam 10 and 20 ppt. Our oebaure
b e n t s  are thanfore o c n p t i b l e  wlth t h b  baok
ground oonmntration upon whioh are aupclr-pooed 
mille contributione from Tucron itrrelt. 

PmdpltetioI: Sam~lra 

Thunderatorma O O O W r d  bstwsen S6ptetCbW 9 
and 11: 1962, a t  %he Suite Uta d t m  during the 
colleatfos of aand~nnate, allowing semplsm o f  
rain and hail t o  bs obblnad. the prOQ88OeB Or 
:liauid wator produotien and pnolpitat lon in 
olauds are vastly more oonplrx than the 
prooesaetii oi- wridemation an tha d l e o t o r  8Ur
iaoss used hem. Nevorthelaur5, them are smlar
lzien, aince gua/llpuid partitio&$ i n  involved at 
rome atago in both ~ ~ s e a ,CVe ahall obaum that  
?apor/liquld tntrmrotions, PI oppored to  vapor/lsn
hteraotianr dominate.) Not surpriulyly, tha prs
cfpicatim sampler oontp~ldd the mme conrtitu
eats as found 5n the oonden6rtss. T3e actual 
ooncentrotlonr a r m  not of great hteP8llt here 
eince :hey damndl h t6r  alia, ga oloud UgUid
uatsr contefit, aloud b u e  ha lg l t ,  oYapOratim, and 
IC on. Only ration of OonWntPPth2l11, prraigita
tlon t o  o o n d e ~ a t o ,  will be dlsavssrdi the data 
*re shown In Table 5. In mmrbl, orrbonyl oom
jacnds exhabitad mhnord levo10 In  the prejeipitr
:ion, whereaa alcolwln etld CR,CH were greatly 
lepleted. T h b  dl2feranlrr applserr to be hasod 
Pare on functioruaUty than aalubLlLtn the alw
:ole, a& a group, a l l  have f r l r l y  larc~.molubfll
;tes, Out CH CN ie a w r l y  soluble 4~58~Thhougii
111 tha aarbnylm YON enhenoed, WEHO %E more 
ioluble then tbe &loobole, whila the other asrbo
iylr w e  less soluble than CHICls. P a r t i t i o n  ?e 
ioL therefore the mxplanr*;lon. Siudhrly, di#fer
!DC vertlonl distributlonr r raul t ing f r o m  varh

tiow in solubil i ty  cannot be aooeptsd sither, 
Thunderetarms were oacurring; the atmorphere was 
conveodv@~yunrtablm Bnd should have been woll 
mixed. Hone of the component8 is M&Iy sclubh?) 
An a oloud, a l l  rrbould b partitioned pPlmax4ly 
u t a  tbe gee pbaso. b6 at #8uZt, the vertioal 
dhtrlbuttom OF a l l  component6 are Wetly to 
ha# been similar. There $8 110 widsnom for aore 
dobt of apralal Interactian between any of the 
compo~md8 here and b e ,  and so we ihal l  not mu
gret one. Rather, we shal l  Buggoat m-Other 
explanation of c h n e  h t r i m g  trrwda, which 
aut ,  a t  thU time, be candbereb U h l y
apeoulatiw.

Thr data w e  most easily explained 5f e?theF 
the a>WhOll and CH8Ca’ are being de8trOyOd w1th’A.n 
the  aloud, or oarbonyln are being produced. A l a 
nols and CH CN are well-used wlvsnts ,  a l l  rela
tiwly stable a&n8t aaueaua oddrtio& The 
conoootration ratio (p~cdpitotlon/oondamartc)) f W  
thwe c00p~unda I d  vlrtualAy 1dSlrElOal within 
ex[Dllrlmeotal worf it i(l swnly  h i b l y  iur?lbly 
that they WOUld a l l  tm dratroyed by a simihr 
amount. Much more, likely in that VrelP cion
oentration #ti0 in that of e, aubatanco & 
undergoing aay OhOmiOal change withln tke cloud. 
If that  ia tne ma*, then perhaps tne oarbanyl
oampowdn, fomaldehyds ,  a~etalaahyds,  emtone, 
and 2-bUtBn~ae aro proaclosd by In-clod 
pro~oeaer. A t  this time, f;h;ltr appara to Ghm 
author0 t o  ba +he m08t Iikely, CIhough apsoulbtivs,
expltmation. Aqueous phre pkotocheud04l 
oridations have rscently been discussed by I 

cbZlEldd05 M d  DeVlS [I9821 md Qreedel and I 
Wnschler t1381L i 

Conoludona 

Thie study was undertaken t o  exaaine the use
fulness of the fllm oorrdensation method for $am
pling moderatsty eolubh organln vawre. Urny o f  
three aubrte~nasa bra thought ta k inteFQttdiPtl8 
In the  drgradation of atmoapherh rprthnne and 
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TABLE 5. !baa hqmour Conoentratione or Precipitation Bi lGtWJr ,  R+ ' 
and Coadetwatr a n d  The& htian a t  bntr  Mba tilitlea 

nomethone hydrooarbne, other8 crlglnate directly
Z ~ Q Buthropogenio and klogedo emieaiena. TNe 
t.c!lniqw, when cclnbhed with a cmndanaate prr
aonwntratiun a b p ,  id oapabls of dstsotrng there 
p a r t i . 0 ~ 1 ~Or&mlo vaporb a t  sub-ppb lrvelo in 
the PtlPObphem. Henry's law oaerncients a t  
oolleotor teaperatw e r e  required and ware 
doternhaeda 

~revroua ~t88SWcl5OUt8 or mme or thr OOBDO-
Ibntb, s.g., the o lwhuls  and acrtonifrils a m  %Wry 
rpareer 

Sampling la TWlOn, Arizonat and at two rural 
site8 demonstrated that the l Q b t  alcohols and 
oarwnyls have 80me 8our0ea within that urban 
W B ,  Upoohol level8 rhowed l i t t le  diurnal varta
tioal o&rbunyLa wWLMtrd a defitiitc daytime maxi
aum at  tha aonurban dter. 

AwtonLtrils na i  dataetad a t  the two rmal 
d t s r  a t  oonoantrationr wtsioh &re oonaiatedt with 
thome ob#rvsd in the lower stratosphere by other 
~arker6~mtonltrLLs Is fatner poorly 801~b18,  
.ed thum i t a  w 4 t  removal iron t h e  atmesphme 
ahauld be mall. 

Conomtratiw o f  oxymnoted orphice in prs-
Oigtatlon and in o o n d s ~ a t s susre oomwred. It 
was tsn'vati~el7eonoludsd that the Wt aloohols
a d  aoetonltrile remiawe relatively unreaatlvr 
dtMn aloud water, u h i h  ccncmclrationa of the 
oPlrbonylr waPQ con.istant v i th  their being pro
duwd w i t h i n  the  aloud, t o r  exampie, by aqusoua
photoollemlrrtry. 

A Q h l O U l ~ d r ~ * n t B *  ThLa work waa supported by
the fatlQnPl Saience Foundatioo under grants ATH
77-24508 and ATH-82-15694 and by the Csophydcm
%rancho f  the Ot'ficm oP Naval Researoh mder oon
*&at NODO1477C0099P00005. The matuacP6pt was 
0dlt.d by Harprot Sandernan Rae and typed by
Blaine Segura. 
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A,. A p p u ~ ~PHARMACOLOGY 3T,301-311(1976) 
.'k 

I. 

ne Nervows System Response to Chronic intoxication 
mmercial Grades of Methyl n-Butyl Ketone, Methyl 

,. isoElutyl Ketone, and Methyl Ethyl Ketone' 

PETER s. SPENCER' AND HERBERTH.SCHAUMBURG 
rc-.-. 

em, AIberi Einsiein College of Medicine, The Bronx, .Yew York I0461 

ReceifiedJanriary 5,1976: accepted March 23,1976 

fo!:. 'ig tissues were studied: Pacinian corpuscles, plantar nerves. arid 
in:. .eous muscles taken by biopsy from hindfeet of cats in groups 1-5 

. after 4 and 135 days of intoxication; posterior tibia1 nerves and Pacinian 
' corpuscles of cats in group 2 taken by biopsy after 8.5 months; hindlimb 

cont-arrenrly in sampied areas of the peripheral and central nervous 
S! i of MBK-treated animals with and without neurological signs. 

:farion first affected the distal parts of nerve tracts. spreading 
Pro\rrnally at later stages. This spatial-temporal distribution of disease. 
a characteristic of several experimental toxic neuropathies. is designated 
c~~irrol-pc~riphernldisral ixonoparhy. In animals intoxicated with 3 mixture 
Of MEK and MBK. subclinical pathological changes were seen in tibial 
nerves supplying calf muscles but not in Pacinian corpuscles located ic the 
hindfeet. These data indicate that MBK is neurotoxic to cats. Cats treated 
w&hl EK alone,MiBK alone, .o.&Lmi.turesof- these compounds. failed-

.- .tOclqv-elop detectable ..nervous system damage.., 

ne the 'ummer of 1973. an outbreak of peripheral neuropathy occurred among
oM' 1 fabric manufacturing plant in Ohio (Billmaier er 01.. 1974). The most 
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SPENCER AND SCHAUM,BURG 

For several years, .theprinting process required the use of a solvent mixture.con 

that exposure to this compound was related to the neuropathy outbreak. 

distal portions of hindlimb nerves initially were involved and, with continued exposure, 

sciatic nerve conduction velocity (Mendell et a/., 1974), an indication of nerve damast 
also found in rats and monkeys inhaling 1000 or 100 ppm of MBK intermittently for 
3 and 8 months, respectively (Johnson, 1975). These peripheral nerve changes were 
accompanied by distal axonal degeneration of selected tracts of the spinal cord, 
medulla oblongata. and cerebellum (Spencer and Schaumburg, 1976). 

Environmenral examination of areas in the manufacturing plant with the greatest 
incidence of neuropathy revealed higher concentrations of MEK than of MBK. Air 
sampies takm in proximity to the printing machines, where the greatest incidence of 
neuropathy was found. revealed 2.3-156 ppm of MBK and 55-763 ppm of MSK. In 
addition to atmospheric exposure, individuals working at the printing machines 
sustained skin exposure to MEK and MBK when handling cloths soaked in the solvent 
mixture (Billmaier e?ai..1974). The prominent role of MEK in the exposure history led 
to speculation that this substance might also be neurotoxic or might enhance any 
neurotoxic action resulting from exposure to MBK by modifying the absorption. 
metabolism or escretion of MBK. MiBK was also considered a possible neurotoin 
because of its isomeric relationship to MBK. The present investigation was desiwd 

$. 

&i 
,$:
A . s,.
%:-3  

g ,  
f jE;.:.. 


to address some of these issues. Cars were used in this study because of their suscepti
bility to MBK. the ease with which early clinical neuropathy could be identified and 
the possibility of sampling hindlimb distal nerves, muscles, and Pacinian corpuscles 
repeatedly during the course of intoxication. 

lvl ETHODS 

A total of 35 2-3kgyoung adult cats were used for this study. A11 animals were housed 
singly or in pairs. Capes contained smooth floors to ensure that nerves in the cats' feet 
were not subjected to trauma during activity. Animals were provided with food and 
water ad libitiitn. Commercial gades of ketone ~oivents .~similar to those employed i n .  

Supplied by Eastman Chemical Products, Kingsport, Tennessee. 
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priiriii@$iant’’invijvdlvedin the outbreak of neuropathy, were used inthis-study. 
issiiions-:ofthese solvents were determined by .gaschromatogaphy (Table 1). 

tGtiiimals’$eceivedtvr ice daily subcutaneous;injeCrions-each conraining 
1 

kit~eP<u*dilured‘LiziBg {4 Cats), MBK (81, MEK (S);;a.9: 1 mixture of 
B K  -respectively(61,or a 9: 1 mixture of MEK and iWK (41, 5 days a 

TABLE 1 

GASCHROMATOGRAPHIC OF SOLVESTSAXALYSIS 

. :  Methyl n-butyl ketone (MBK) CHI * CO CHI .CHI *CHr‘CH, 
methyl ?t--butylketone 99.66 7;  

,*R .., methyl isobutyl ketone 
<*. .mesityl oxide&
,*.*. 
>A” . unknown “A” 1 

.&;“, unknown “B” 
Methyl isobutyl ketone (MIBK)

methyl isobutyl ketone 
-. methyl ?~-butylketone 
+ .  acetone 
.. orher light irnpuriries

heavy impurities 

,Methyl ethyl ketone (MEW
methyl ethyl ketone 
acetone 

-. secondary butyl alcohol 
- unidentified compounds
-. 

2.899>;
0.36% 
0.01 
0.04 % 
CHI.CO.CH2.CII.ICH32 
98.79 :zG 

0.94% 
0.02 76 
0.14% 
0.11% 

CHj * CO CHI *CH, 
98.98 ”/, 
0.003 ?< 
0.01 
0.002 % 

week Cor periods up  to 8.5 months (rideinfra). Four cats received twice daily injections 
ofanequivalent volume (0.2 ml/kg) of saline. 5 days a week for up to 5 months. Injecrion 
Sites were rotated over the back. Three additional cats matched for age and weight were 

.-:W d  to study normal tissue. Each animal was examined and weighed periodically. 

Bin[ 3 .  

-cries of 20 biopsies were performed, first on the right hindket, and on the 
wand occasion, on the left hindfeet. Animals were biopsied after 45 and I35 days 
‘ofintoslcarion. Biopsies were performed under sodium pentobarbital (25 m g k s  ip) 

.‘anesthesia utilizing aseptic techniques. The tissues taken at biopsy included up to 10c 


Pxinlan corpuscles from the central plantar toepads, branches of the lateral plantar- and portions of a superficial interosseous muscle. Two animals treated for 8 .5  
month\ iiith a 9: I mixture of M E K  and MBK also underwent biopsy of tibial nerve 
brallchc\ .;upplying calf musclesand a concurrent. third Pacinian corpusde biopsy from 
a PrC’ :\Iy unsampled region of one hindfoot. After tissue excision, the skin was 

c t h  4 0 nylon sutures and the animal allowed to recover before continuing 
kC1oriL;idministration. The tissues were fixed by immersion in phosphate-buffered 5 7 ;  
Pluraraldchyde(pH7.4) for 3 hr. 
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Perfitsions .._ 

Three cats treated withMBK for 2,4, or4,months(oidesupra)a.nd.threeno&al 
were 'sampled for extensive morphologic study.a�ter systemic.,perfujiijri.,~thfiTzti 
A t  the time of sacrifice, each animal was anesthetized with sodiu 
(50 mg/kg ip) containing heparin (l/lOth total anesthetlc velum 
through the aortic arch with 4% paraformaldehyde (30 s) followed 'by5 %:gluta=t 
dehyde (1 5 min) each in a 0.I M phosphate buffer. pW 7.4. Afterperfusion..rhe:foIlowing 
tissues were sampled: Pacinian corpuscles in hindfeet. sciatic. tibial, perone2l:sural and 
plantar nerves in the hindlimbs. proximal and distal hindleg muscles. lurnbosacnl 
dorsal root ganglia, corresponding dorsal and vcnrral roo.ts, plus multiple levels of the 
spinal cord and medulIa oblongata. 

Tissue obtained at biopsy and after systemic perfusion was postfixed in 2%Dalton's 
chrome osmium, dehydrated, immersed in propylene oxide, and infiltrated with tpoxy 
resin. Single nerve fibers were teased apart from hindlimb nerves, mounted on glass 
slides, and examined by lighr microscopy. Other tissues were embedded in epoxy resin. 
cut into 1 ,urn sections. stained with toluidine blue, and examined by light microscopy. 
Thin sections of selected areas were stained with uranyl acetate followed by lead 
and examined by electron microscopy. 

RESULTS 


Clinical Eualiration 
There was a considerable variation in the ability of animals to tolesate the kerone 

injections. Narcosis and excessive salivation commonly commenced shordy after injec
tion. Abscess formation and skin ulceration was seen in several animals. Generalized 
weakness was found in 10 animals treated with MEK or MEKlMBK mixtures and 
death occurred after 31-93 days of intoxication. Two animals treated with MBK alone 
died after 7 and 93 days, respectivery. MiBK was tolerated well. No animals were lost 
and no infections occurred as a consequence of biopsy. 

Neurological dysfunction was only detected in cats intoxicated with MBK alone. 
These animais first developed signs of a peripheral neuropathy after 8-10 weeks of 
intoxication. At this time. they displayed weakness of the hindquarters resulting in a 
crouching, unsteady gait. After 10-12 weeks. these cats were found to have a severe 
hindiirnb footdrop. By I6 weeks, they were unable to walk but attempted to ambulate 
with their weakened forelimbs. 

Animals in the remaining groups. including those intoxicated with a 9 : I mixture of 
M E K  and MBK, displayed no neurologic dysfunction. 

Microscopy of the Tissues Token at Biopsy 
.Fv'orinal arid saline-treated atrimds. AI1 tisslles appeared normal. Plantar n t W S  

crjntained large and small myelinated fibers, and small unmyelinated fibers. klusclc 
tissae contained small nerve fascicles. occasional tnuscle spindles, and motor nerve 
terminals abuting neuromuscular junctions. Pacinian corpuscles were found singlY Or 
in small groups in the hjndfoor pads. Each corpuscle was pierced by a single myelinated 
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FI* .in4 2. Electron micrographs oi thin epoxy cross sectiansofcorpuscies. taken from the hind
'wt ..cat intoxicated with MBK for 2 months, fixed by immersion in glutaraldehyde and osmium 
4tro.\d~.and stained with uranyl acetate and lead citrate. FIG.1. Surviving terminal of a pacinian 
EOrpuwIc containing many axoplasmic neurofilaments (a). NOW the normal arrangement of polar 
axonProcessesabutins the sides of'thc hemilamellarinner coreerifs (arrows).x 10.000. FIG.2. Dcgen

terminal containing a floccular axoplasm (a). x ~O.OOO. 
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Schaumburg, 1973). 
Intoxicated animuls. .Nerve fiber damage was only found -in.tissue rernoeed &j 

animals treated with MBK OFwith the MEKIMBK 9: 1 mixture. Tissue rernovzdyrb 
all other animals appeared normal. 

Cats treatedwith MBK for 45days showed early nerve fiber damage in.plaiuarnew& _I 

and in some Pacinian corpuscles. The abnormality in Pacinian corpuscles consisted & 
A . 

I , .  , 

F~Gs.3 and 4. Lighht micrographs of I pm epoxy cross sections of tissues, removedfrom a cat intoxi
cated with MBK for 4 months. fixed by systemic perfusion with glutaraldehyde and immersion in -
osmium tetroxide. and stained with 1:; toluidine blue. FIG.3. Degenerating nerve fascicle within tftt 
tenuissimusmuscle. x 300.FIG.4. fart of gastrocnemiusmusde displayingearly fiber atrophy(arr0ws)
x 350. 

a proliferation of axonal neurofilaments and subsequent degeneration of axoplasm 
(Figs. 1,2) similar to the pattern seen in esperirnental acryiamide neuropathy (Schaum
burg et 01.. 1974; Spencer and Schaumburg, 1974). After 135 days, corpuscles either 
were denervated or displayed extensive axonal damage. In plantar nerves and inter
osseous miscles. nerve fiber degeneration was characterized by focal. giant axonaf 
swellings containing masses of neurofilaments. 

Cats treated with a 9: I mixture of MEK and IMBK. respectively, showed no changes 
in hindfoot tissue taken after 45 and I35 days of intoxication. Tibial nerve branches 
supplying the calf muscles, sampled after 8.5 months of intoxication, contained-
abnormal numbers of fibers displaying segmental remyelinacion. Pacinian corpuscle 
removed from the hindfeet at this time appeared normal. 
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structure of peripheral and central nervous system tissue was studied in three 
f and compared,with similar tissue .obtainedfrom three animals intoxicated 

-.~:s. .  tion. 331abnormally high incidence of remyelinated internodes. and myelin corrugation ..%i 

_.
" .... 
.... 

~ 

'--. FIGS.5 and 6. Same tissueasstatedin legend to Figs. 3 and 4. FIG.5. Part ofsciatic nerve in the upper
thi& i:'..-;ratinggiant axonal swellins (arrows).x 300. FIG.6. Lower iumbar ventral root of normal 
rppe- 2. x 110. 

Wirhin preserved internodes. Sparse changes were found in the plantar nerves of this 
animal and most of the fibers supplying hindfoot Pacinian corpuscles were intact. 
Two blBK-treated animals were perfused after development of overt clinical signs. 

Fiber degeneration was found in sampled nerves and proximal muscle fiber atroptly 
also present (Figs. 3, 4). Giant axonal swelling in the sciatic nerve extended up to 

the l e \ d  of the dorsal root ganglia but rarely involved the correcgonding dorsal and 
ventral roots (Figs. 5-7). Extensive abnormalities M'ere found in the central nervousc 


?VC. of these two animals, The pathological changes consisted of giant axonal 
~f myelinated fibers. enlargement of nerve terminals. and total fiber breakdown. 

Tht: i abnormalities were prominent in the distal regions of long ascending and 
de$ccndiilgpathways in the spinal cord and medulla oblongata, and preterminal and 
tCrm~nalmons located in g a y  matter sdjacent to the aqueduct (Figs. S-10). 
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FIGS.
7-10. Same tissue as stated in legend to Figs. 3 a n i  4. FIG.7. Lower lumbarspinal ganglion Hit” 

preserved sensory neurons (n). Arrow points to a swollen axon. x 270. FIG.8, Gracile tract.c3uda1to 
medulla oblongata, containing a giant axonal swelling (arrow) and many degenerating myelinated 
fibers. x 280. FIG.9. SLiollen axon terminals (arrows) abuting dendrite of a neuron Iocatcd in sarra1 
region oi spinal cord. x 760. FIG.10. Giant axonal swelling (a) displacing myeiin sheaths (arrO*” 
of a fiber located dorsal IO the aqueducr in the lumbar spinal cord. x 1100. 
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I. 

* &  

i 2.. n ~ t ~ ~ ~ r n ~ ~ c i ~ . ~ - o ~ P - I x n r r e sof MEK and MiBK produced 
.? no effect in the tissue sampled durinz the exposure period. The subclinicalplantar nerve 

I 

' , .I. dzrnage reported in rats exposed to I500ppm of commercial grade MiBK for up to 
1 f 5 months (Spencer et al., 1973, which may have been the consequence of trauma. =. 

: -. sustained during activity in cages with wire-mesh floors (Spencer and Schaumburg,! 

: 5 1977bh was not seen in this study. Animals intoxicated by sc injection with a 9:l 
1 '2 mi>-.-e of commercial grades of MEK and MBK, respectively, failed to develop1 .?? clir.. -.i neuropathy although pathoiogical evidea.ceof nerve damage was present. The 
.! -1 subciinical damage found in these cats appeared to be in proportion to the amount of., 

'. .iMBK used in the solvent mixture, although enhancemnt of the neurotoxic action of 
MBK by the concurrent exposure to iMEK is not excluded. Saida et al. (1975) have 

i reported that the neurotoxic action of MBK is potentiated by simultaneous exposure 
:to ?4EK:In their study, rats intoxicated by continuous exposure to air containing 
]' MEK and MBK vapor in a ratio of 1125:225 ppm, respectively, developed clinical 
:. evidence of neuropathy after 25 days, whereas rats inhaling 225 ppm of iMBK alone-:-exhibited neuropathy after 66 days.- T* Zardinal finding of this study was the presence of peripheral and central nervous 

s y  _.damage in MBK-treated cats. The distribution and spatial-temporal evolution 
of t tr l5  damage, described in detail elsewhere (Spencer and Schaumburg, 1976a, b), 
indicates that MBK produces a primary axonal degeneration which first affects the 
distal regions of vulnerable nerve tracts and later prozresses proximally. This distribu
tion of peripheral and central nerve fiber degeneration, designated dying-back ICavan
agh. I969), or central-peripheral clisful a.uonoparhr, (Spencer and Schaumburg, 1976). 
i s  characteristic of many other experimental neuropathies produced by conipounds 
such as acrylami;:, triorthocrebyl phosphate. n-hexane, 2,5-hexanedione, m d  carbon 
diiultkte (Cavanagh. 1969, 1973; Prineas, 1969a. b: Schaumburg et nl., 1974: Schauni
bu: i d  Syoncer, 1976; Spencer and Schaumbuw, 1975, 1976b: Szendtikowski et ~ 1 . .  
19' the latter three substances and MBK producing a pattern of multifocal. giant 
a x w d  swellings (Spencer and Schaumburg. 1976a). it is known that central-peripheral 
di%~lasonopathy occurs in humans intoxicated with tri-odtacresyl phosphate (Aring, 
I9421and it seems likely that each of the above list of compounds, including M B K ,  is 
capable of producing a similar incidence of disease in man. 
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British Journal of Industrid Medicine 1983;40: 199-203 

experimental study of the combined effects of 

UCHI,' Y ONO,'N HISANAGA,' M IWATA.' M AOYAMA.' J KITOH,' 

Departments offfygiene' and Anatomy, Nagoya Universiry School ofMedicine, Nagoya, Japan 

Wried that MEK did not produce peripheral
mropathy in the rat. but the combination of X1BK 

MEK did. Altenkirch and Mager' reported 3 
%neuropathy in four youngsters who sniffed thin
4 f s  containing tj-hexane. MEK. and other solvents. 
acnkirch ez ol also showed in an exF"rimenta1 
-2 that exposure IO1000 ppm MEK plus YO00 

4 8 - d  2-1 May 1982 
%cd 13 Juh 1982 

ppm n-hexane shoncned the onset of severe 
polyneuropathy compared with exposure to 10 000 
ppm n-hexane. On &e other hand. Takeuchi er ala 
showed that 1000 ppm toluene inhibited the 
neurotoxicity of 1000 ppm n-hexane. Ono ef alp 
showed that even 200 ppm n:hexane could affect 
the peripheral nervein rats. Therefore. in the pres
ent study we intended to clarify whether or  not 
MEK could increase the neurotoxicity of n-hexane 
in the rat. even at the low concentrarions used in 
industry. and whetner 100 ppm n-hexane alone 
could affect the peripheral nerves. 

hlaterial and methods 

Thirty two Wisiar strain male rats (mean body
weight 318 g. SD = 10 ,e) were divided into four 
groups of eight rats. and the separate groups were 
exposed to 100 pprn n-hexane. 200 ppm MEK. 100 
ppm n-hexane plus 200 ppm MEK, or fresh air in an 
exposure chamber'" for 12 hours a day, every day
for 24 weeks. Food and water were provided freely. 

,*:j 
.SC 
' I  1.. .F . .> 

' 

. .  
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The temperature and the relative humidity in the 
chambers fluctuated from 23-24OC and 4040%. 
Then-hexane and MEK used were more than 99% 
pure, and the concentrations of vapour in the expos
ure chamber were measured daily by gas
chromatography. The measured concentrations 
were 106 z 35 ppm of ti-hexane, 200 zt: 40 ppm of 
MEK,and 103 2 26ppm ofn-hexane plus 203 k 26 
ppm of MEK (mean d SD. for 2d weeks). The 
peripheral nerve conduction velocity was measured 
in the tail nerve of the rat by the methods previously
reported.*" The rat was wrapped in a towel to 
keep it immobiiised without anaesthesia and laid on 
its back to allow elecrrodes to be inserted in the 
ventral part of the tail. The electrode was a srainless 
steel needle. 0-34 mrn in diameter and about 15 mm 
long. Electrode A was inserted 3 cm disral from the 
anus, electrode C,3-4 c a  proximal to the end of the 
rail, and eltctrode'B, -5 cm proximal to C. The refer
ences were inserted about 2 mm from each etec
trode, and the body earth was insened between B 
and C.After insertion of the electrodes. the tail was 
immersed in a paraffin bath in which the rempera
ture was maintained between 37" and 38°C. The 
conduction velocity of the tail nerve was measured 
more than four minutes after the immersion, and the 
measurement was finished within 20 minutes of the 
immersion. The  tail nerve was stimulated by a 
square pulse of 0-3msec duration, 2 CISand sup
ramaximal strength with an electrostimulator 
(SEN-7103,Nihon Koden), and the biopotentials 
were observed with an Addscope (ATAC-350, 
Nihon Koden). Points A and B were stimulated by a 
single stimulation and ihe muscle action potentials 
were observed at point C to obtain motor nerve 
conduction velocity (MCV)and the motor distal 
latency (DL).The tail nerve was stimulated 100 
rimes at point C, and the action potentials at points 
A and B were summated toobtain mixed nerve con
duction velocities (MNCVs). The fonnu!ae of these 
indices are as follows: h.IC\' = distance (AB)/ 
latency time (AC-BC), DL latency time (BC). 

and lead citrate and examine 

microscope (JEOL 100 CX). 

trophysiological results were co 

from the previou 

exposure? 


Results 

= 
h,lNC\r (CB)(distal) = distance (CB = 5 cm)/ 
latency time (CB), MNCV (CA) (total) = distance IS.I 

(CA)/tatency time (CA), and MNCV (8.4) (proxi
mal) = distance (BA)llatency time (CA-CB). The 
body weight. MCV. DL, and blNC\.'s were meas
ured before exposure and every four weeks after 
exposure. 

One rat of each exposed group and one control 
animal were killed after 24 weeks' exposure and 
pathohistologically studied. Under anaesthesia, the 
rat was perfused from the left ventricle with a 
fixative that contained paraformaldehyde and 
glutaraldehyde. About 1 cm of nerve tissue was dis
sected out from the proximal and distal portions of 

L 
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MNCV (total), and a significant decrease in DL 
were shown by comparison with the controls after 
four weeks' exposure, but at the later stage no 
significant differences were found throughout the 
experiment. In the 100 ppm n-hexane group a 
significant decrease in DL after four weeks' expos
ure and a tendency for MNCV (total) IO decrease 
afrer 24 weeks' exposure was shown, but no other 
significant differences were found in any elec
trophysiological index'by comparison with the con
trols. In the 100 ppm n-hexane plus 200 ppm MEK 
group a significant decrease in MCV,and MNCVs 
(total and distal) after 20 and 24 weeks' exposure 
was shown by comparison with the controIs. A 
significant increase in DL and a significant decrease 
in MNCVs (total and proximal) were found after 16 
weeks' exposure in the mixed exposure group by 
comparison with the group of n-hexane alone; no 
other significant differences were found between the 
two groups. A significant increase in MNCV (total) 
was found in the mixed exposure group by compan
son with the group of MEK alone after four weeks' 
exposure; no other significant differences were 
found. The results of the electrophysiological
examinations are summarked in the table. 

The changes in MCV of the present 100 pprn
n-hexane. 200 pprn MEK, and 100 ppm n-hexane 
plus 200 ppm MEK. and the previous 200 ppm and 
500 Fpm n-hexane groups9 are shown in fig 3. A 
dose-dependent effect of n-hexane on the function 
of the peripheral~nenleis found in 100.100.and 500 
ppm ?I-hexaneexposure. and the effects of 100 pprn 
n-hexane plus 200 pprn MEK are found between the 

/ 

bmav Of signi-ticanr di,tjerences found in neurqohysioloptcal values in  exposed and conlrol onirnah 
~ ~
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exposure of 100 ppm and 200 ppm n-hexane. 
Microscopic examination of the teased nerves 
showed no changes in the tail nerves of rats in the 
present 100 ppm n-hexane, 200 ppm MEK, 100 
ppm n-hexane plus 200 ppm MEK groups, or the 
controls. 

Discunion 

The presmt study showed that exposure to 100 ppm
n-hexane plus 200 ppm MEK impaired the funcrion 
of the peripheral nerve in the rat and that exposure 
to 100ppm n-hexane alone did not. The differences 
between the mixed exposure group and the 100ppm
n-hexane group were not as clear as those that 
Altenkirch et a/’ showed at high concentrations. 
These results suggest that mixed exposure to 
n-hexane and MEK might be more toxic than 
n-hexane alone even at the low concentrations used 
in industry. and that exposure to this mixture should 
be avoided. 

The present experiment showed no.’.significant
changes in the 100 ppm n-hexane group except for 
DL after 16 weeks‘ exposure by comparison with 
the controls Ihroughout the experiment. although
IMNCV (CA) (total) showed a tendency to decrease 
after 11 weeks. On the other hand. Ono cr 01’ and 
Kitoh et a!” ieported that exposure to 200 ppm 
n-ntsane affected the peripheral newe of the rat in 
conditions similar 10 those of the present experi
ment. and that changes could be detected by both 
elecrrophysiological and his~opathoIogjcaIesamina-
Cion. f h e  present histopathological examinations of 
rhe taii nerve trunks showed no changes in either the 
exposed groups or in the controls. From these 
results it might be inferred that the changes of the 
peripheral nerve in rats can be detected earlier by 

ppm mhcxane for 
valent to that of 1 

concentrations. 
In the 200 ppm MEK expo

and MNCVs significantly
significantly decreased by corn 
trots after four weeks‘ exposu 
were not found at the later sra 

which MEK enhances the neu 
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ABSTRACT 


GEORGE The participation of ?-buranone inTRAIGER. J .  AXD JAMESV. BHUCKNEH: 

3-butanol-induced potentiation of carbon tetrachloride hepatotoxicity. J. Pharma

col. Exp. Ther. 196: 493-500. 


The role of alcohol metabolism in 2-butanol-induced potentiation of carbon tetrachlo
ride (CCI.) heparotosicity was studied in rats. Animals were sacrificed at  various times 
after the administration of ?-butanol ( 2 2  ml/kg p.0.1for the determination of blood. 
?-butanol and  2-but anone concentrations by gas chromatographic analysis. ?-Butanol 
exhibited a n  apparent elimination half-life of 1.5 hours. \\'ith the decline of ?-butanol . 
concen:rations, there was a rise in '-butanone blood concentrations with 43 mg/100 ml 
detected at 1 hour and a maximum of 105 mg/100 ml detected 4 hours after the 
administration o f the  alcohol. A 16-hour pretreatment with either ?-butanol (2.2 m l k g  
p.0.~or 'L-butanone (1.87 ml/kg p.0.) markedly enhanced the hepatotoxic response of 
Cc'l, 10.1 ml/kg i.p.1 as measured by serum glutamic pyruvic transaminase activity, 
heparic glucose-5-phosphatase activity and triglyceride content. The enhanced hepato
tmicity produced by 2-butanol was not significantly different from that produced by 
?-butanone. The potentiation of CCl, hepatotoxicity hy  both agents was suhstantiated 
morphologically. The results indicate that "butanone production ria the osidation of 
2-butanol appears to contribute to the marked response of ?-butanol. 

.. 

2 


?rre potentiation of carbon tetrachloride 
.:.'Cl,j hepatotosicitp by ethanol has been rec
;znized for four decades. CorSsh and Adefuin 
!~IK)have shon-n that several aliphatic alco
k& c3.n esert a similar effect. The extent to 

which the alcohols altered the hepatotoxicity of 
CC1, varied greatly among the alcohols tested, 
with isopropanol and "butanol possessing a 
greater potentiating effect than a homologous or 
isomeric primary alcohol. In a study of the 
relationship of' alcohol metabolism to the pro
duction of' a potentiated response. Traiger and 
Plaa (19721 have reported that the metabolic 
disposition id isopropanol contributes to the 
marked differences in potentiating capacity 
exhihited her ween ethanol and isopropanol. It 
was found that acetone derived during the in 
uiuo oxidat ion of' isopropanol contributes t o  the 
augmentation of' iBoprii1)3n(3l-potentiated CCI, 
hepatotoxicity. As ?-butanol shares with iso
propanol a marked capacity t o  augment CCl, 
hepatoxicity. the present srudy was undertaken 



to  investigate the relationship of' "butanol 
metabolism in riw with '2-hutmol-induced PO

tentiat ion of' CCl, hepatotosicity. 

Methods 
Male Sprar.ue-Diiwley rats \x:e:chinp 180 to 250 g 

were used t hroughciut .The anim;:!- w w e  maintained 
on an ad libitum diet ol' commercial chwv and xvater 
in a temperature-controlled room with 12-hour periods 
of' al?ernating light and darkness. 2-Butanol (2.2 
mlhcp, undiiuted) o r  .I-butanitne 11.87 m1:'kg as an 
18.74 aqueous solution) was administered orally. 
After 16 hours, the animals received an  intraperito
neal injection of' 0.1 mI/kg 01 CCI, in corn oil. The  
animals were sacrificed by decapitation 24 hours after 
CC1, administration. Blood and liver aliquots were 
taken for enzyme and triglyceride nnaly.ce.-. 

Serum glutamic pyruvic transaminase (SGPT) ac
!ivity \vas determined according t o  the method of 
Reitman and Frankel (195;) as Ciesrihed hy Klaassen 
and Plaa ( 1566). Aliquots of iiver were taken for the  
estimation of triglycerides hy the methijd of Van 
Handel and Zilversmit I195;) a. inirdified hy Butler et 
a/. (1961). Glucose-6-phosphatase activity was mea
sured in homogenate3 of whole liver as previrJusly 
described (Traiger and Plaa. :(*TI !. 

Liver spec,imens \vere rapid!:. rsci.-ed upiin sacrifice 
and placed into l o c i  f'ormalin nvrrnight !'or fisation. 
Tne tissues were then emhe:i:ietl in paraffin. ser
rimed and stained with heni:::~~x!:lin anti eosin for 
iizht mic-roscopic esaniinario:?. Frozen >errions of' 
each specimen were sectioned :?nci stained h r  fat with 
Sudan fi.. 

Blood concentrations of 2-bmmoi and ?-butanone 
were determined by pas chri i i i ia i~tpra;) l i~(Davis. 
1966). In this procedure. i.A-c!iusane. t o  which an 
internal standard has been added. is used as  a protein 
precipitant. The hlrmd concentm!iiw were estimated 
by the peak raticis ol' the unkntwn t u  the internal 
standard. .L\ Hewlett Packard model 7F2il pas rhro
matograph equipprd tviih a f l i i n i e  ioniziltiim detectiv 
\vas used. 

In the butanol eliminaticrl: study. acetone a t  a 
concentrnrion 0 1  0.79 mg/l.o in! (11'1.4-tiitIsanr \vas 

used a.- the inrernal statidnrt! i i v  the si:xuhatiww 
determinaricin c i f  2-butitnol and  2-ht:iiiime. 'I'lic. 
column u d  was 0.23 inch oiii.-i(!c clinnit~rc~r. f i  1t.r; 

containin:: :{'> Carhiwax 2 011 , i n  St~~IOO('hromosorl) 
\V HI'. IiiI~ciirinj ~ r r t .colun;:? . i i i d  tlrltclnir t t * t n p w i 
lure?:\vwe l.->O. 12:) i i n d  1 A O ' C  w-peLqi\c~iy.Sitro:rti. 
hydrogen : ~ n dair fltnv r;iit'- :vrrc l ( t .  1I.i anti 
inl/miii. rc-l)rcrivc4\. 

In the ?-hutanonr e1imin:iI / , i n  study. ethanol a t  :I 

conceiitr:it;oii ot' O.:!! ni: . /r i~l  I , :  i .4-dii ix;int~w a s  u d  
iis the iiii[,rn;il st i i i id:rrd.  'l'hc , . ~ ~ i i i i i i i it i - td  WI?:0 . 1 5  
inch rliil.icle di;iirit,tc.r 1 1 1 .  fwt ctiiiixitiing I;', 
H a l c , l t i i i  id 11. IS-() I ,  o i i  7 ( l i G t  I I ' l i r i  ttiio-8 r i i  \V. I njt-c
t ion  1)ori. cailuniii ; i i i t l  d r ~ v :! t > r  tt*tiip~:~irurr>w i w  

130. 117 iind 14.5'c'. repwtivrly. Sitrrqen. hycln 
and air llow rare.< were 3 1 .  :IS and :Mi nil;: 
respect ively . 

The data \vert- compared by an  analysik ofvrrrin 
When the analysiz indicated rhat a signilicnnr tli 
enre existed. the means of irlecred grnupc ' 

compared by Student's t test (Steeland Torrie. 19 

Results 

Figure 1 depicts blood concentration r 
butanol and its metabolite ?-butanone at 1 

ous times after the oral administration O! 

ml/kg of 2-butanol. The L-alues for each ' 
estimated from the same blood sample. B 
alcohol cofEentrations of �2mg/100 m! 
detected after 1 hour. These declined to 
than 5 mg/100 ml at 13 hours. The apparent 
half-life of the alcohol was about 2.5 hour: 
the blood concentration of ?-butanol decl: 
the concentration of "butanone rose marl 
to a maximum of 303 rnp!100 ml at 4 h 
Thereafter, 2-butanone concentrations dec 
to a value of 4.9 mg/100 ml detected a!tl 
hours. The elimination profile exhihitec 
2-butanol and its metabolite ?-butanone ii 
present study was comparable to that r 
ously found for the in r k o  formation of act 
after i sopropad  administrai ion (Traiger 
Plaa. 192) .  

Before assessing the role of 2-bctanone i 
potentiation of CCI, hepntotosicity elicitt 
?-butanol, a study of l-butanone elimin 
was carried out. As an estimate of an equir 
dose of' ?-butanone. it was assumed that Si 
the aicohol is oxidized to the ketoiie in 
with the remaining 15'; being eliminate( 
changed and as a conjugated glucun 
(Karnil et al., 1953)..Xnimals which had 
fasted overnight were given 1.87 n&%g 
but amine. and blood conrentrat ions were < 
mined for a period of' 12 hciurs. A s  e m  be 51 

figure 2 ,  this ketone was slowly absorbed 
oral ntlministrarion with a maximal coiic( 
tion of' 83 mg/lOO nil i o u d  4 hours 
administrat ion. 'I'he dore of' 2 - i ) ~anor? 
lerteci approsiniared the .'-\nitnnonr ronri 
tion detertrd in the blocid after the adrnir 
t ion of' 2.2 mlikg (if the prtsrursor 31 

2-bu1mol. 
.4 time course study was c r t r r i d  CI 

drt twnine \\her her eii1it.r agent W ; I ~  c:qi:i 
prodwing 1ii.patotosicity \ v h ~ w  ntlinitii 
alont%.Figure :irlepirts he ef'fwt of' 2-bi 
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FIG. 1. 2-Butanol and 2-butanone concentrations detected after the administration of' ?-butanol (2.2 mlkg  
p.cr.i. Each poinr represents the mean for a group of four rats with vertical lines indicating f 1 S.E. 

!:;.ij nilikp p.0. J and ?-hutanone t 1.67 ni lkg  
.:) 3 . 1  on SGPT activity for a period of u p  to 16to 
23 hours  after their administration. As can be 

.
~ n ?-but anoi or ?-but anone alone yielded 
~aliiesequivalent to those found for control 
animals. Hepatic glucose-6-phosphatase activi
: k s  determined 1. 1. S and 16 hours after the 
Jdministration of alcohol or ketone were not 
~li.ni!icantly different from the values found for 
ihe respective control groups. In agreement with 
i i e  histopathologic findings of moWerate revers
:;]le fatty infiltration of the h -e r  after 2-butanol 
.lvPese. 19288,and ?-butanone (DiYincenzo and 
iirasavage. 1974), hepar ic triglyceride content 
\viis elevated 16 hours after. treatment with 
yi:iier agent. ?-Butanol produced a 18% in-
<:ease. \\.hereas 2-butanone elicited a 16Y; 
:ticrease in triglyceride levels. The values found 

7he treated minials \yere significantly differ-
from control values ( P  < .Os). 

TaMe I depicts alterations of SGPT aciiviiy. 
atpat ir triglyceride content and glucose-6-phos
: * h t a s e  artiviry in rats after administration of 
1 '--!~:i~anoli2.2 ml.!kg 13.11.) or 2-hutnnnne (1.87 

R:i k:: p . o . ) .  16 howp h h r e  receiving a chal
!c:!:in= dose 01' CCI, i0.1 ml/kg i.p.1. Twenty
:*whoiirs af'ier the CCI, dosing. the animals 

were sacriliceci. The dosage level of' CCI, was 
selected to cause only a slight elevation in 
SGPT activity. It is apparent from table 1 that 
both 2-hutancA and P-hutanone markedly en
hanced the hepatntoxicity of CCI,, as evidenced 
by the large increases in SGPT activity. As 
judged by these elevations in SGPT activity. 
?-butanol and ?-buranone each potentiated 
CCI, hepatotoxicity to a similar degree. 

The effect of alcohol or ketone pretreatment 
on the TWO other indices of CC1, hepatotoxicity 
also reflects an enhanced hepatotoxic response 
to the chlorinated hydrocarhon. It can be seen 
that either ?-butanol or ?-hutanone adminis
tered 16 hours before CC1, produced an en
hancenient of hepatotoxicity as reflected by 
diminished pluccl~e-6-phoxphataseactivity and 
an increase in hepatic triglyceride content. 
Similar to the findings at earlier rime periods. 
no significant eflect on SGFT or heparic glu
cose-6-pho?;ph3rnse activity was detected 40 
hours after the administration o l  alcohol or 
ketone alone. Hepatic triglyceride concentra
tions had returned to nortnal at this time. 

Exeininsritrii of histolcitholopic specimens 
revealed nianifwtations of potentiation of CCI, 
hepatotoxicity mnlogous t o  alterat ions seen in 
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the biochemical ai5essment 0 1  hepztotoxicity. 
Control 1ii.ers were unremarkable (fig. 1) in 
hematoxylin and eosin-stained anti in fat-
stained sections. as were liver.; from rat admjn
istered solely ?-hut anol or 31)utanone. Livers 
fiom animals receiving on]!. CCI,. however. 
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TIME AFTER A5MINISTRA?ION OF 2-BUTANONE (hr) 

FIG.2. Blood 2-bilranone decay profile obtained 
after the administralinn of ?-butanone i i.87 m l h g  
p.0.). Each point represents the mean cr a group of 
.four rats nirh vertical lines indicating = 1 S.E. 

exhihiled a very limited degree of patholo 
change (fig. .?I. Occasional hepatocytes in ' 
centroiobular regions of such livers showed fa 
vacudation. Both ?-butanol and 'L-butan! 
markedly enhanced CCl, hepatotoxicity, as t 
denced by extensive centrolohular fatty var 
lation and necrosis. Centrolobular fatty var 
lation was more prominent in livers of 
butanol-pretreated rats (fig. 6)than in liver 
2-butanone-pretreated rats. with centrolobi 
necrosis commonly seen in the latter group ( 
7).  The degree of fatty deposition observec 
fat-stained liver sections paralleled hepatic 
glyceride levels measured for all groups 
animals. e 

Discussion 
The present study confirms and estenc 

previous report that ?-butanol pretreatn 
markedly enhances the necrotizing effec 
CCI, (Cornish and Adefuin. 1967).In addi 
to the elevation of serum transaminase actiT 
other indices of hepatotoxicity such as her 
triglyceride conrent and plucose-6-pho~pha 
activity similar!? reflect an increased resp 
to CC1,. The ei'i'pct of combined treatment 
substantiated morphologically. 

The data w u l d  indicate that the ma: 
potentiation of' CC1, hepatotoxicity produce 
L'-bu;znol pretreatment may not entirel? 
attributed to  the alcohol alone. 

.. . 
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FIG.5. Liver specimen from a rat given CCl, (0.1 m l k g  i.p.) and sacrificed 24 hours later. Occa 
he~atocvtes(arron.5) around the cenr:al vein ( V  t show marked vacuolation. Portal triad t P!: hcmatosyli. 
eosin sraiil: . S i .  
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FIG.7. Liver section from a rat administered ?-butanone (1.E7 m1Ag p.0.1 16 hours before CCI, (0.1 m l h g
i.p.); sacrifice was carried out 21 hours after CC1,. The necrotic centrolobular region is ringed with vacuolated 

win  (V): portal triad (PIi~epatocytes(arrow). whereas the portal region appears unaffected. Central 
hematoxylin and eosin stain: ..373. 

transformation of CCl,, as has been postulated 
for the augmentation of CCI, hepatotoxicity by 

* 	 phenobarbital (Garner and McLean, 1969). 
Siudies with isopropanol or acetone indicate 
illat these agents can stimulate the drug-ori
dase system of the endoplasmic reticulum. 
Hwever, isopropanol and acetone produce 
rather selective changes which differ from the 

, 	 4mulatory effects produced by a classical in
ducer such as phenobarbital. When adminis
tered in uir.0. this alcohol and this ketone 
produce an increase in microsomal aniline hy
droxylase activity and enhanced S-demethyla
lion of dimethylnitrosamine, e k e v e r ,  the con
centration of' microsomal protein and cyto
chrome P-430 remains unchanged (Traiger and 
f'laa. 19i3: Clark and Powis. 1974; sipes et a/.. 
1973). Clearly. further work needs to be carried 
w t  on the mechanism by which these secondary 
alcohols and aliphatic ketones exert an action 
tin the endoplasmic reticulum. 
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enlarged hepatocytes. Many cellscontabed inclusions In their cytoplasm. Electron 
.. studies showed a slight increase in smooth endoplasmic reticulum. atypical mitocho 
... s0rr.e lipid vacuoles. The livers of all control rats were normal. Groupsof ten malt a 

. L a  ranwere exposed to 500,100,20, and Oppm of technical pentachlorophenol for 8mo. . .- of the rat5 fed 500 ppm were also enlarged at autopsy. 

.- 24. Bioactiuariorrof I-l~irronaphtbaletre.D.JOHNSOSand K. KHANNA.University of Michi
' Ann Arbor. Michigan. (R.Hanung) 

. I  

In the rat, CC14-inducedhepatotoxicity can be markedly enhanced by a 16-hr p 
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26. 	 Hepalotoxicity Produced by the Lntrp-Toxic Furanoterpeiroid, 4-Ipomeanol. afier mixp1z' & 
Funcriotr Oxidase inducrion: Recersal of Turger Organfor Toxicity and Covalent Binding 
Rats Pretreared with 3-:LlerhylcJrolanrhrene. M. R. BOYD, Center in Environmental TOXP 
cology, Vanderbilt University School of Medicine, Nashville. Tennessee. (B. J. Wilson) 33 

intraperitoneal administration of toxic doses (LDSO,24 mg!kg) of 4-ipomeanol (I-[~-fUrYl~% 
4hydroxypentanone) to normal rats produces predominantly lung pathology, characterid 5. 
by pulmonary edema. vascular congestion, and hemorrhage. No gross hepatotoxicity is Sea f9 
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-d& soli&, 03, oxygen d-4 m d  ths -4 &* 
bat iOnrd w  not premnt enough inforrmrtion. 

n e  m& probable for rsfinvy mmban &UP 
to *&t,ing cooling ayIltemrr, dthough the d u e  of the 
rater for thin purpow dl depend upon the O ~ sndCin-

CO ~ meterial p-nt in the n-. The el�- of organic 
wid db on a cooling system muat be CMfully c o n 8 i M i n  
view of the possibilitiesof their precipitation of their effect on thei 
calcium sulfate equilibrium. Inaddition, slime control due to the 
organic makriai in the treated waatea.muet be carefully con
ddered becaw of the normally high chlorine demand of the m
d water. The introduction of a high solids W M ~as part of 
tkearoling6ystem make-up can increase the necesasry blowdown 
from the aptern toa point where little benefit would be obtained. 
Moreover,M the blowdown from a cooling system will contain 
ementially dl of the impurities present in the waste added to the 
rgstsm, but a t  a h i g h  ccmmtration, it might be necesavpto 
install a second treating to purify the blowdown for dL 
pedal from the plant.
Therewill be eaeea whersntreaxn ngui rementandta te two

stage trCatmeat--iarduitiestim4a hforC.O.D.and phenol
nmovd. 

the "cIebn" rvtar d d be advissble. and the multiple pi% 
mystem muid d d  appreciably to thsest. In addition, ab 
a convsniant . r r a o m t  for reudng the treated rnta 
p a i b b c h  nintroduction to the cooling sptem-s m&,ipb 
dirrtribution syatem would be rsquked Chemically 
vmtad d  beumdfor clean-uppurpo-, but tbiamight involrS 
elaborrrte chaagain the plant piping. 

Moreover, the mum of water would make it neceawy to prD. 
vide o competent operator, with technical nupamiion for & 
treating plant. The probability of apil4 breakdowns in 
plant, and inadvertent dumping of ContrrminantS into the cl
water would require conatant vigilance to prevent high
soli& waatea from being tmated and introduced into ayatem 
whem t h y  might came tmuble. 

It ia doubtful whether rtctwof e e r y  efauents can be jua& 
fied in munp ead~dbscause of the &tal and operating wstk 
Horsosr, if ths watm b urgently needed or if pollution control 
mpiremmu 1v(1very strict, rtcltuwtion of rsfinarp. atEuenta h 
techkdly f d b l e .  

~ c l a r i f i s d W a ~ r i t I ~ M v c l l m i g h t b e u a d i n c r  
cooling system, with the blowdown being tresttd biologically 
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prior to dirrpossl. This would not necesssriy reduce the size of 
the treating facilitiw but the refinery would have the benefit of 
the water which WM mud. 

The economics of reiinery wastea reclamation will depend to a 
large extent upon the memum that can be taken to reduce the 
contamination of the wastes which sre beiigconaideredfor 
The me of d a c e  condensers instesd of barometric coxidemern 
ri l l  minimixe contamination of coolii water. The stripping of 
d f u r  compound8 and phenols and tbe tegregation of aaste 
CLWtico and spent acids will minimia contslnination of the 
wsstes and make it more practical to re-me the water economi
cally. 

Re-uee of water may involve a considerably higher capital 
eqssm fw tbe treating facilities. The installation of multiple
cdeetkm nyateme to aegregate sanitary and strong wantea from 

Toxicity of Various 


(9) Pom&13. T..Sewoue WorkJ.. 20.36 (1948). 
(10) Rys~m,J. W.. J .  Am.Water Worhd8roc.. 36.472 (1944). 
(11) wake1~8n, C. bS., b a  Angela Hubor Depk. W-qw..
p h t e  communicstion. 
(12) Wenton. SoyF..C h .E%. Prour.,48,4S9 (1952).
(u)whitnay. H.w.. Wokr & 9clwgsWmk.96.393 (1049). 
Wmrm for &a+ April 16.1953. Aa- A u t u t  28. IOY. 

. . .. .--.  ..-. - -...-... . .. . 

-
HARRY " B U L L ,  J. G. DEMA", AM) R. F. WESTON 
Waate Control Laboratory, TheA h t i c  Refiniry G.,3144 Pasayunk h e . ,  P h i h d a l p h  15,Pa. 

ANTIF'OLLUTIOS legislation hss stimulsted coruiderab\e 
interest in methodn for evaluating toxicity of i nduha l  

waetes to fin4 becauae moat legislation specifically ataten that 
w t e  water discharges shall not be injurious to aquatic life. 
As the killing of &ah ia the mollt obvioua evidence of injury to 
aquatic life, it waa found advieat& tD d c d p  m e t h d  for the 
evaluation of acute toxicity b fid {S). Sa& testa doni  an 
opportunity, in &e Wratory, to determine probable toxic 
effectad &ereby make it poaaibie to avoid the &barge of 
critical concentrationoof wastea to naturalwaters. The research 
investigationa in the laboratory aid in eatabiishing baaic data 
from which it may be possible to control the &charge of toxic 
OM or materials by aimple chemicd d y a i a .  Such investiga
t i o ~alm throw light on the effect of oxidation, precipitation, 
volatilization, and aynerghtic or inhibiting effects an may occu 

on dilution in natural waters. The bioassey providea a direct 
and mWactory method for evaluatingacute toxicity to6ah. 

Bioaseay procedures luring 6ah M test animdahave been uatd 
In the Wade Control Laboratory of The Atlantic Re- Co. 
dnce 1935. Thispaper premnta the mulbof mme of the i n v d 
gatiom nnd experiencas with a bioamay procedun and diacumm 
limitationn of the teat. No effort is made to provide a cornpro
hennive d i scdon  of the Scientific principles and details of the 
test procedure. Thin hasbeen done elsewhere (1, a. 

SCOPE OF BIOASSAY PROCEDURE 
. .  

It io llsceaasry to delineatethe=ope of the b i o m y  procedure 
wed in the evaluation of toxicity in order to avoid any arbit?ary 
conception or misinterpretationof the reouita obtained. 
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-Petroleum Wast

)le $ P a  Because the killing of h h  is the moat obvioua eridence of injury to aquatic 
w d life, the toxicity of varioun chemic& and matuialr to the h h  watcrhh com
rter 1M monly known aa bluegill s d h  was inv-tigted. The practical UM of the 
.multiple rtliultn obtained rcquha  considerable caution becaune of the infiuence of local- treated 
.t involve conditi0M on the toxicity of a a p e d c  materid to hh.  Nevertheless, data 

obtained from p d ~ r r adeveloped d o r d  the best mcana known at t h i o  time 
for determiningprobable toxic effectsonfish. Afterpermissibleconcentrations 
of toxic materials have been detumined by bioasaay procedures, the more 
simple and less colltly chemical test may be d for controlpurpoaea. 

The bio-y methodwed in thisstudy bintended to ob* in- standard 6ah might not be applicable to the hh indigenous to 
formation on the relative acrrte toxicity to f d water hh oftbs the regionin which the tent d t a  Mto beuaed, Coneequentiy, 
nrbtcmn, or wasp tested under prescribed experimental condi- it b denirabia to utilire tatapeCimenrr which am representative 
tiom in which ths duration of the test b necemad’ y  limited. of the hh fauna of the region in which the tsst nsulta are to be 
Acute toxicity L demonstrated by the death of MIin 24 to !Xi WPfi=L 
h o w .  Chronic or cunubtiva toxicity in not svrhntal by ths The tat d t a  reported herein were obtained uing the fish 
twt. h w n  aa bluegill sun& (hpomh numodmu), which belong’ 

Cumulative toxicity can afect the growth and reproduction of to the family CnJmrdidor, the gonun Leponah, and the speciea 
organisme without killing them, but such effects will appear only numdirw. The ~llllccyof the tent rnimrlr were the Penneyl
aftera prolonged time,and their detection b beyond the wopc of vania State.Hat&ary, Torreadale, Pa, and Hiram People’s 
the bioamay method used in these studies. Hatchery, New Rovidmm9 pr

bother  aupect to toxicity muires clarification. Many Inordertofacilitate theccunpilationand cornpariaon of toxicity 
~W M exert a high oxygen demand which can cause a depletion of performed by d u m  inveetigatorq it b rewmmended 

:l932). diseolved oxygen in the receiving body of water, resultingin the that the choim of tentanimalabe limitedto thome mggemtd by the 
d u t h  of fish due to a leek of oxygen. It b necesssry, therefore, Committee on Development and Standardisation of Bio-Assay

Elemnth to make a distinction between death due to a deficiency of dis Methodm of 	 the Federation of Sewage and Induntrial W M ~  
(I). The doction of teat lnimalr from thin lintW d m  mlved oxygen and death due to acute toxicity. The bioassay A M I O C ~ ~ ~ O M  

-936). teat require3 that adequate dbolved oxygen concentrations be will enhance the wlw of the reoulta obtained and faditate 
meeting maintainedthroughout the duration of the test in order to evalu- mmparhns with the reaulta of other workem. In any csse,the 

:1961). ate the lethalie. of the weSte per &? rather than the indirect or family, genuq and apecim to which the testenimalr belong should 
4). secondary effects mch as oxygen depletion. [Special apparatuo be reported with the toxicity data. 
minoton. and techniques am deecribed in the literature (I, 9) for aerating Although there b no limit to the h e  of test specimens which 

tests eo ss to minimize lo= of volatile toxic conatituenta.] The may be ueed, d6aham more desirablethanlargefish. They 
toxicity determined by the bioaseay test has been dehed (I) 811 me lea oxygen and can be maintainedmore easily in largenum
any direct lethalaction of pollutanta, includingboth intend and 
external effects but excluding i n k t  action mch M depletion 
of dimolved oxygen through chemical or biochemical oxidation 
of the wsste. 

TERMINOLOGY 

The recommended index of relative acute toxicity L the median 
tolerance limit, TL,, which is defined as the concentrationof teat 
material at which just 50% of the test animala d v e  for a speei
fied period of expoaure-24, 48, or 96 how. A t  lea& the 
24hour and &hour median tolerance limits should be deter
mined whenever the toxicity ia d c i e n t l y  pronounced.
A median tolerance limit may be a concentrntionat which 50% 

~valrctual lyaasobserrredina~t,provided~andloaer 
percen- have been ncorded for the next hwer and next 
higher teat, concentrations, napectively; or it may be a d u e  
derived by graphicalinterpolation. In the acond came,itisbaaed 

:srect 	 on observed percentagca of test animals sumking a4 concen
t r a t i o ~which were lethal to more than half and to kthan half 

..?ea of the snimrla usedaa test mbjecta (1,8). 
. .-‘ *. If a waste at ita maximum test concentration exhibits no 
:n\-r.st- toxicity toward teat nnimalr after 96 how’expoaure, it may 
AacCUBBeb be reported that the substrrnce does not exhibit acute toxicity 
:ompre- which bdemomtmble and messurable by thh test procedure. 
iof the 

SELECIlON OF TEST ANIMALS 

The results obtained from any toxicity test  will depend upon 
the size and kind of test animal wed in the experiment. No 
etandard test animal has been accepted for thia purpoa, for 

- ‘We- mved EMOM. It would be dif�icult to recommend a stsndud 
.-.. . -.v tas: animal which would be readily accessible to experimentem in 

different O P C ~ ~ O Mof the country, and toxicities obtained with thia 

bus without overcrowding. Furthermore, they am generally 
more d t i m  to harmfulaubatancee and are more adaptable to 
laboratoryconditions than krgar spechem. of the name upecieo. 
Uniformity of &e and a distributionof SiGw mch that the average 
value reported wi l l  be representative of the test lot are more 
important than the &ea t h d v e s .  The teet specimen8 ueed 
in theae testa varied from 5 to 11 cm. in standard length (8;
the averagestandardlength was 7cm. The averageweight of the 
teat specimw was about 5 grams.

It b desirable to have a &ock supply of fish available in the 
h ~ t o r y .Teat specimens should not be used until they have 
been scclimatixed for 10 to 14 daya. 

INTERFERENCE 

Bio-y procedures (1, Z) are subject to certain limitatiom 
The chemid or aolution under test ia added to the teut jar at 

the start of the teat period. No mbsequent Bdditio~are made 
during the mume of the test. Therefore, the final teat concen
tration b frequently coneiderably lower than the initial. Thin 
may be due to bacterial deoomposition, volatilization, precipib
tion, rrbsorption, and other phenomena.
When a Iltrongly acidic waste bdissolved in the dilution water, 

it with carborntee naturally preaent in water and releases 
carbon dioxide. Thin may be injurious either directly by ita 
toxic action or by holding in solution other toxic components. 
Thuq the toxicity obearrred may be due to carbon dioxide rather 
than the acid being teated. 

Strongly alkaline solutions may exhibit changea due to carbon 
dioxide produced by the test animalror absorbed from the air. 

Relatively nonvolatile compounds may undergo hydrolysis 
to form volatile compounda-for example, hydrogen suliide may 
be produced from s o ~ u t i o ~of d u m  dfide. 
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Figure 1. Twt Bnth and Oxygenation A v e m b l y  

Certain chemicala may be oxidized to leas toxic formaduring the 
bioaseay teat. 

Some highly toxic metale form insoluble or only slightly Soluble 
carbonatellor hydroxides which d l  precipitate when their soluble 
salts are added to the dilution water in preparing test d i l u t i o ~ .  
The actual concentration of toxic metals in the teat dilution will, 
therefore, depend upon the concentration and kind of iona in the 
dilution water. JJnder these conditions, merent  median toler
ance limits may be obtained by investigators using different 
dilution waters. 

Becawn? the dilution water may influence the results obtained, 
it ie highly desirable to include ita composition with the report 
of the median tolerance limit. 
In selecting 3 dilution water for determining the toxicity of 

a waste, it ie preferable to obtain thnt water into which the waste 
b to be discharged, provided the w3ter m y  be ohtained from a 
point where there b no pollution from any other source. If 
uncontaminated dilution water cannot hr ohtained from the body 
of ra te r  under ComidentiOn, a water of s i m h  diseolved mineral 
content from another source should be abtained or prepared. 
It is preferable to we a water which does not differ from the re
ceiving body of water by more than 25% in arlrium,msgneSium, 
date,  and total alkalinity ( I ,9).
The temperature nf the teat m y  r l~pmiablyinfluence the 

results. In generd, greater toxicity is exhibited at higher tem
peratures. Higher temperatures may contribute to fungus 
infections and other dieensea which m y  alter the test d t s .  
If test temperaturea above 25' C. Mcontemplated, the lethal 
temperature for the tiah to be teated should be detedned.  

The same species of healthy fish from different l d i t i e a  may 

' I  
vary in theii miatbuce to toxic materialo. Obviously,

&h Mlem miatant thsn healthy fish. I 


TEST EQUIPMENT 


The quipment required for &h testing included etoek b b  
conatanttemperature rcclimatization tenkr, mnstantternpe; I .

k B t  j.ls, USed fish tBUkE,air Supply, oxyen OUPPly, a d  
dechlorinatedfresh rater supply. 

The test jam used in them iILVeStiptiOM w o n  battery t 
jam Constant temperature control wea accompliehedby plainl
the jlrn in a thermostatically controlled water bath. 

The stock and acclimatization tank& btt baths and jars, and 
reoxygenation equipment are pictured in Figurea 1 and 2. 

I
I 

The rearygenation equipment used aboat exduaively in thew 
toxicity d e t a m i n o t i ~ ~h a  been deacribed (a.

An interface contact between pure oxygen add the test sample 
is maintained h i d e  an inverted funnel immersed in the 
mlutioa The stem of the f u e l  b extended upward; insib 
the furrnel the &ernis extended downward toaerve aa a guide for I
the shaft ofan agitator which rotatea &wly to facilitate the ab. 
mrption and Wunion of oxygen. In thin way, violent bubbling I 
resulting in lorn of volatile toxic codtuenta  M avoided, yet 1adequate dissolved oxygen WXIceUtr8tiOM ean be maintained , 

(Figure 1).
In,anapparatus auggeated by the Committee on Reeearrh, I.Sub-committee on Toxicity, Section 3, Federation of Sewage . 

and Induetrid Weetes A S S O C ~ ~ ~ O M(I), a Sgauon wide-mouthed 
bottle b used M a test container. A three-hole rubber stopperM 

fitted.ai& two glaea tubea (7 mm. in outside diameter) extending . 

almost to the bottom of the container. C o m p d  air and oxy
gen can be introduced through theee tubee at a constant rate 
regulated by a suitable preMNecontro1 vdve without bringing 
about undue lose of volatile materiale from the teat solution. I

'The third hole in t.he stopper serves rn a vent. A more completa 
description of this apparatus may be obtained from the En
vironmental Health Center, U.s. Public Heslth Service, Cincin
nati, Ohio. 

CHARACIZRISTICS OF DILUTION WATER i
In determining the toxicity of industrial waatm, it willbe 

ary, in general, to prepare several d i l u t i ~ ~of the weate in an 
appropriate dilution water. PhilSde1phi.a tap water, 6ltered 1 
thmugh a carbon filter, waa used in most of thene toxicity deter- I 
minations. The major chamcteriaties of thia water are given in 
Table I. 

TABLEI. C ~ ~ E A ~ R I S T X ~ S  TAPWATEEtor PRILADELPAIA 
R.win 

. Chructerimtic Coneentrbuon 
Tout ahlinity m CaCOa ( to 33.0-61.0 i 

methyl OIWIReIC). p.p.m. 
6.9-7.3P H 


Tom1 hsrdnas u.CaC0.h p.P.m. 84.0-163 .o 

Spcc16c cond~iet~r~ty .  

154-210 t
microinha 228-301 
Dissolved solids, p.u.ni.
Sulfates u 2304 .  p.p.:ix. 56.0-08.0 
Chlorida NC1. P.P.III. 3.0-26 0 

8 

' Ina f e r  c m ,  synthetic dilution waters rerr prepnrcd in order 
to show the effect of dissolved m i n e d  content on the toxicity 
evaluation. United States mean nrter (4) wns used in these 1 
casea either in one half or double the concentration of U. 5. 
mean water, unit concentmtion. The d y w  of these synthetic 
ratersare given in Table 11. U.S. mean dilution rater  is recorn- \ 

mended an a standard reference water for comparative studies. 

BIOASSAY PROCEDURE 

The bioassay method employed in this laboratory is in generd b 
agreement with proceduree recommended eleewhere (2, 2) with 
respect to basic principles and most details. 

> 
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P e t r o l e u m  Wastes 

Reeesrch, 

of sewage 
--mouthed 
.topper L 
-stending 

ir and oxy
:L*tant nte Figure 2. Stock and Acclimotivtion Taakm 
rrt bringing 
a t  wlution. 
-e complete 
m the En-
ice, Cincin

r!l be neces
x ~ t ein an 
er, fdtercd 

.ticity deter
.- .-iven in 

rimilar to that used in the test  as dilution water. The fish were 
not fed during the 2Chour period jut prior to the start  of the 

j brt. The fish de&+ in the +clima&k+ion tanknever e x p d e d
375 per day immdately pnor to testing. A 5% lose u con
sidered the maximum acceptable.

Twenty-four and 48 houre after %he fish beenWrtdinto 
the test lam, the number of fish s m v l n g  in each jar and the 
dissolved oxvgen content are recorded. 

The pere&ages of fish survivinK for 24 h o v  are plot@
against their respective concentrations of chemical on eemi

11. M N O R  CONSTITVENTS OF u. s. JIEAN WATERTAEIJE 
.i order (Varied m i n e d  concentrations) 

Coneentrstion11t: toxicity Chuukdatic 0.3 1 .o 2.0d in these 
11 of u. s.- ynthetic 

recon1
iie. micronboa

Dissolved solids. P.P.III. 96.0 112.0 30.5.0 
Sulf+en u SO&.&p.m. .)e.0 60.0 82.0 
Chlonda Y CL P.F.m. 3.9 9.9 21.0 

eral ! The ooaomtntion of ewh colurjtuent in U.S. mmn water ia the averwe 
: T ~ U Ofor tb.; corutituent found in tho rurfus wacen of tha Uruud S t a h  

.iith f (1). 

logarithmic paper and a-anooth curve is drswn -ugh these 
pinta. The intemtion of this mwc with the line repmuting
50% survival gives the 24-hour TL,. A similar procedure is 
used for locating the *hour TL. 

REPORTING MXICITY RESULTS 

Table I11 is a reromxnended outline for the data needed in 
reporting and interpreting toxicity investigatione. 

DISCUSSION OB OBSERVATIONS 

The ' b i o m y  testa reported herein were made using C.P. 
chemicals, industrial products and wastes, and refinery wastes. 
The TL, data ueing C.P. chemicals and industriaI products and 
wastes are found in Table IV. The graphic summary of the . 
24-hour TL, data for these materials ia shown in Figures3and 4. 
The characteC&ticsof refinery wastea and toxicity data for the 
m e  are found in Table V. Figure 5 showa the 24-kour TL, 
for refinery w a s h .  Observations made during the course of 
some of the testsare reported below. 

Chemic&, C.P. Ammonium Hydroxide. The gill repon
of the 6ah became covered with a gray mucow sheath. A t  con
centrations of 5 to 10 p.p.m. M N&, the chemical apparen!lp
c a d  blindness. Thiswm indicated by the lack of pempbon
to avoid objecta.
Sodium Hydroxide. A t  concentrationa of 40 to 50 p.p..m. 38

OH,the reaction wna s h l a r  to tkat of ammonium hyexlde.
Sulfuric Acid. The 6ah reacted violently immedrstely on 

being placed in the test jm at concentrations of 40to 80 p.p..m. 
a8 SOa. Their W i e e  were covered rntk 6 
sheath. The eyes were- the first organa to En?%!6;
&ected. 

Copper Sulfa%. The recjpitate formed on admixture of the 
copper sulfate mth the glution water adhered to the badlee of 
the fkh. All fish became sluggish. The first death, using 0.5 
U. 9. mean dilution water, occurred in 2 hours at a copper d a t e  
concentration of 100 p.p.m. The first death, wing 2.0 .U.S. 
mean dilution water, occurred in 5 hours at a concentratloon of 
180 p.p.m. In this case, the soluble copper content ma 0.88 
p.p.m. 

' 'lo. 2 ihbruam 19% INDUSTRIAL A N D  E N G I N E E R I N G  CHEMISTRY 327 



krdrutrkl Prod- md W U t m  Naleo 21 (a ChlOrOph~ol,
type d compound). The 6uh became violent and dorly
lost equilibrium with no power to control their direction of .motion. The 6mt death occurred in leeo thrrn 1 hour nt a cob 
centration of 10 p.pm. 

F i m  3. %Hour TL,V d u a  hThan 15 P.P.M. 

PotsmiumParmenganate. The &ut death o c d  in 2 hours 

at a concentrationof 10p.p.m. At a concentretionof100p.p.m, 

sdark brown &Iof coagulatedm u m  covered the body of the 

&h. Whop Med by

of the au so ,tr,.t,tiPbusium pemmgmate, the entire body 


Potsaai.um Cymyda A 1.0 .p.m. concentration of cyanide

cawed vlolent actmity after &ut 15 minutes of contact. A 

heavy dincharge of fcees occurred. All &h were dead in 1hour. 

At 0.5 p.p.rn. of cyanide dl fiah were livingat the end of 1 hour,

but all hpd lollt equilibrium. andappeared to be parslysed. At 

4 hours dl 6sh were floatmg aunleady mth comdete 10- of 

equilibrium and occasional violent a8r.w. Discomfort waa not 

observed a t  c anide concentrationa%low 0.21 p.p.m


sqdium S h d e .  wuee of +de lose, it waa difscult to 

obtaan good reproducib&ty on dupbcate mu. The data veri 

are the ave of threemu. D the coyse of the pt,the 

L h  a p 2 0  be uncomfortabTut no violent action waa 

observed. They wen relatively inactive and rermLlDsd near the 

bottom of the test jar. After several houra, lose of equilibria 

WM noted a t  20 to 30 p.p.m. aa iulfide ion. 

Boron Triftuoride. A synthetic mix WM prepared of boron 


trif3uoride in d i u m  hydroxide solution. The boron trifiuoride 

content vu 2.7% and the alkaliaity waa 

1750 p.p.m. The alknlinity of the dution 

may hive contributed to the observed 

toxicity.


Dietbnolaznine. The MI became coated 

with coagulated m u m  at -aoncentrrrtio~ ._. 

between 1500 and 3800 p.p.m. of dieth

anohnine. 


F u r f d .  The fish beenme violent Y 

m n  ea they were plseed in the tart jam.

Their activity waa so great that many

jpped  out of the jam. They reacted 

vlolently m a concentration aa low I.s 

21.3 p.p.m.


Maleic Anhydride. The 6uh 

coated with A coagulated rnucua in the con

centration range of 100 to 150 p.m. The 

m u m  ww 

eyes of the &?i c a r i y  noticeegie over the 


Methyl Ethyl Xetone. The MI loat 

equilibrium at concentratiomof 3380p.p.m.

At 4510 p.p.m. they became ppralywd, with I + 

littIe or no locomation during the M20 - 1 1
hours. After thir time, equilibrium and 

locomotion were regained dowly. A t  con

centrationo ranging from 3380 p.p.m. to 

7000 p.pm. the &h lost equilibrium in 15 

minutea. 


Sodium Butyl Mercaptide. The b h  lolt 

equilibrium and remained dom to the llllc 

face of the teat solution between 4 and o i i 5 i S 6 i 6 s Ib ii ii is w I5 I 


12 p.p.m. 81 SA-. The rate of reapiration P m x m o  

increased npprscinbly. Figure 4. %Hour TL,Vnluea Rnnging from 19 to 15,oOO P.P.M. 
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Cupric chrome ,#UCOM- 
dyl mareunc w e t s  T;s" kyl ~1 i u U 0 ~ t r  (eommerci.1 

dodadmasem iulfo-te) 
Phoophtaborax detergent 
Soluble cutting oil 

No. 1 

IZ~DUWTSUL P . O D U C ~ ~  -D W- 
Commmkl 0.35 0.35 
CommsmLL 1.5 1.4 
Comrnmid 420 365 
Commareid 12.5 11.3 
CommvcLl 4.2 3.7 

c0mmsrei.I 135 XI2 

O:OSd/rd. 

-Petroleum Waste- -

AmmoDjum hydroxide
M u m  hydraxidm
8uUur io  acid 
coppar 1ulf.t. 

copper d.h*
Lad nitmu 
Pobnium 
m u m  d&ZZYMts 
Sodium taw&borate 
PoWium cyanide
Sodium iuKde
Boron triauonde (.lk.line solotiam)
Diethuoknune 
Purfarrl
Masic sdydride
Methyl ethyl kerow
Eodium butyl mercrptide
Phenol 
Benxene 
Tetrsethylled 

&ntobrits 

Naco 91 

Cupric chrome ,#UCOM-


T;s"dyl mareunc w e t s  

kyl ~1 i u U 0 ~ t r(eommerci.1
dodadmasem iulfo-te)

Phoophtaborax detergent
Soluble cutting oil 

No. 1 
No.,2

Kemune (duolved m d  flptinx)
Truck d n r  map lolutlon 

Byathetic truak wmhir~~waste 

Trmtd wnthetic truck N h i n g  ruts 

Culmium pl.t*y iolution 
Alodins PIA- lolution 

C?. C R a m U  
NHB (10.0). 7.5 (9.0). 7.5 (2.2).

I
1.5 PhiL tBp

OK 43 42 rhil.. (.p
so1 40 40 15 Phil.. u p  
c u  3.2 3.0 0.8 0.5 U. 8. m a n  

7.5 7.0 1.8 1.0 U. 8. mein 
44 U 13 1.0 U. 8. mean 
6.3 6.3 1.9 Distilled rater 
4.1 3.9 1 . 1  1.0 U.9. mean 

500 410 i 6  P y a .  tBp 
15 ... ... PhJ.. tap
0.28 0.28 0.08 PhiL tBP 

2s 2s 7.5 Philr tBp
l5.alO ..- ... P h i  tap
2.100 1 . s o  430 PhiL.tap
(25)' 32 (17). 16 (2.4). 1.2 Phil& tap

(165)' 150 (146). l38 (34). 35 P h i  t.P 
5.640 5 640 1.600 Phil..tap

(4-1). 7.4 o:a-s.s (0.77). 0.02 Phil.. tap
19 19 5.7 Phil& tBD 
20 20 6 Phila. tap

2.0 1.4 0.20 Philr U P  

IZ~DUWTSUL -DP . O D U C ~ ~  W-
Commmkl 
CommsmLL 
Comrnmid 
Commareid 
CommvcLl 
c0mmsrei.I 

C0mmUci.L 
C0mmUci.L 
CommereLl 
Comme+.l 
commcreul 
Commsrckl 
Commsrc+l 
Commercul 
Cornmarcid 
1:30 d$ution 

l:? ddutton 


CN 

CroI 


0.35 0.35 0.10 PhiL. u p
1.5 1.4 0.37 Phil.. U P  

420 365 s? PhiL UP 
12.5 11.3 2.8 Phil.. tap
4.2 3.7 0.80 PhiL. u p  

135 XI2 P Pbik. tap 

5.540 ... ... Phil.. tBp 
14.500 Phi& tap

75.6 Phil.. tap
.O. osr%/rol. 0.5 U.9. mean 
O.O67%/vol. 1.0 U. 8. mean 
0 .m % / T O l .  2.0 U. 8. mean 
O.lO%/rnl. 0.2 0. e. m a n  
0 O?S/rd. A..uu. v. m a n  

2..O U. 8. m
02 09/VOl.  18 69/rnl. 1..O U. 8. mean 
15:0?h. 4:7J/vol. 1.0 U.8. mc l s  

0.18 ... ... Phil.. u p
39 ... ... PbiL, tap 

Refinery Wmtes. The refinery wantea reported herein have 
been identified as general refinery, fractionation tuea, cracldne 
area, lubricating oil treating area, parafhn treating mea, acid 
plant area, naphtha treating area, fluid cstalyst Unit, d d o  
acid alkylation unit, combination unit, dintiUate tankdrawdffh 
phenolic W M ~ ,  carbolatewaste, and w& c a d c .  

The characteristicsof thesewastes and their toxicity to bh 
shown in Table V and Figure5. 

General retiaerycomposite wantea arecompo4 of wsste waters 
from fi.8ctiOMtiOII, cracbg, pol erization, lubricating oil 
treati~g,para& treating, and adr-ufacturbg unita. 

Fractionation area wantea are from fractionation, d d t i n g ,
and p o l p a a t i o n  de. 

Cracking wasted mdude wyta water diecbprges from a 
fluid catalyt~ccracker, a combmation wt, a deadtug wt,and 
a sulfuricecid alkylationunit. 

Lubricating oilF t h g  waate8, dbcmfrom.%e l $ x k a ~ g
oil h t i n g  area,mclude W M ~ ~ Efrom vacuum duthbon untta 
and selectwe nolvent re- unitd. 

Paraffin tmating area waste8 include w&e water e m ~ i o n s ,
acidulom waters, and alkaline waters from the acid treating and 
neutralization of lubricating and para511 atoch. 

Acid plant area rraatea are primarily ncidulous waters and 
UIUI~OMfrom a Rllfuric add dudge decomposition catalytic
conversion type of acid plant

Naphtha treating area w e include addulom and alkaline 
m t e  watera rrnltiug from the acid treating of mme naphtha
stocko and thadoctor meeteningand caustic ~ ~ h h gof naphtha
.ndfunua  oil. Waste cauatic diachargea rm not included in 
thi8 wute. 

Fluid catalyat unit w ~ t e ainclude cooling watem and a PO
tion of the condenaste drawdffs from a fluid catalytic c m h g
unit. 

Sulfuric acid alkylation unit w ~ t e sinclude continuom acidu
lou water dmwdffo, continuou &dine water drawdffs, and 
intennittent leaks and Spjus from the sulfuric acid alkylation
unit 


* Soluble coppar concenmtion w u  0.88 p.p.m. 
Rcoxyre~tionmathod propwed by FSIWA R-ch Cornmitt.. (1). 

All daw obt.ined at 20. C. 

Santobrite (a commercial sodium pentscblorophenate). The 
6.h became violent +e+ately upon Fig placed in the teat 
jara and lost equhbnum in a short penod of tame. The loan 
of equilibrium occurred o@y during the fin&24 h o w  of the t+. 
The first death occurred m about I7 hours at a concentzataon 
of 1 p.p.m.- Cupric Chrome Gluconate. On contactwith the tat eolution,
the reapiration rate of the fieh.mcreaaed rspidly. Simultane 
oualy, the operculum became hatended from the body. The 
first death occurred within 21 hours at a concentration of 420 
p.p.m.

Alkyl Aryl Sulfonate (commercial dodecabenzene sulfonate).
Dunng the mume of the test, no abnormal ~ ~ S C ~ J O Mwere ob
mwdpriortodeath. -

Keroaine. The test solution WEM prepared by mixing a given1	weight of kerosine with dilution water to mturate the water mth 
h &*e at #)a C. and to provide a P d amount of free-
' h t i n g  kerosine. The concentration o x p x i n e  in mlution wan 
i not determined. Consequently, the medmn tolerance lirmt re
ported includw both soluble frnd insoluble kemaine. 

Truck W&ng @ap &lubon. The truck emap con!&tH1 of pme od,knseed oil map, and a commercufakyl aryl
: d o n a t e .  The soap solution wm made up fmm 1 pint of map

and 32pinta of water. The L h  loet equilibrium almost immedi
~ t e l yon bein placed in +e tat jam Thin c a d  the L h  to 
linger and to force Iocornoaon. The firstdeath occurred in lean
than 20 minutes a t  a concenhtion of 10,OOO ppm.

Synthetic Truck WFhing Waste. Synthetac truck mahiu11 w+a is the truck w d m g  ma solution +which harr bqma d d J  
8 pmb of No.2 furnace oil. !he ayntpetx truEk w.&g nrste 
umng the ma mentioned above WM ody and iugh an 
roticis. The L neither l a  eqfieum nor +agered i E E 2  
solutiom. ?e drst death occurred m approxunately 2 h o w  at 
B concentr.tron of3#)0 p.p.m.

Tmted Synthetic Truck Wahing Wastea. Synthetic truck 
~ l r ~ h i n gwsrtes that were hcculated with dum and atered 
through Mnd were not m toxic M the untreated wantec~. The 
finh reacted the name to the hated we&e M to the untmatad 

I 	 waatea. The drst death.ocoumd in IO minutea at a 2.6% con
centrationa d  in approxunately6 h o w  at B 1.4% concentrabon
(a. 
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8cCumh.uMtrpltbottoma.

Phenokc -tea are synthetic wantea d e from 8Chuylkill
River water and pun phenol.

Carbolate w m t ~d t  from the c a d c . ~ g p f
cally cracked naphth6 rtooka. The wmte Y e y phenokc
in compollition.

Wmtc csuatic rmdta from the doctor amtening of u p h h
.tocLa "he organic matter content ir approximatelp evenly
dimtributed baasen phenolaten and naphthenatea 

All of the ww waten referred to abovearediclchargcd into the 
SehuylkiU River. The characterhtiw of SchuyM River water 
M found in Table V. Investigationsdemonstrated that the 
river water WM nontoxic tobluegill suafish 100% of the time. 

Moat samples used for testing purpoees from the general re
hny and the various areas and unite were %hour comp~&to 
ownplea collected by an automatic mmpler provided with a re
frigerated -rage compartment. 

The general r e h q  coxqd te  wastes were treatd by chemical 
flocculation pnmdurea d n g  pilot plant equipment. The a m  
age TL, for one goup of t h e  wmtm WM 55% by volume. 
The avensge TL, for them aslrte4,when trerhd with dum and 
activated ailica, WM 77% by volume for one cxperimeutsl unit 
and 85% by volume for the other unit. There aere minor 
difterencea in treatment plw?edure for the two treatment units, 
which reauited in 6 diiference in ef6ciency of opemtion. The 
average TL, for anothm group of re&ery compoeits w& re
ceiving treatment WM 62% by volume. The average T L ,  of 
the alum-treated wastea from two duplicate units &vbg 
rlightly Merent treatment procedures were 75 and 88% by
volume. In thio cam, ah, there were minor ditIerencea in 
efficiency of operation due to cfilTerenas in the treatment pro-
Wdlmsb 

During the completion of experhenu invatieptiono on phe
nolic w it WM not po ib le  to obtain bI@ &for bi+ 
-y -; M o m ,  gold6ah were ured. Comparative 
trat dab 09 tbsb&Qof mpte&h to b l u d  and gold
6ah indicate tht the gold6ah sre considerably more tolerant 
to phenolic msbriab. The 24hour TL, of N n h h  for 15 given 
phenolic W M ~WM 35% by volume; urdng goldhh it wm 94% 
by volume. A repeat ttot on the anme type of rnatuL1indicated 
a 49% by volume %hour TL, for a n k h  and a nontoxic w& 
for guldhh.

For comparing the effects of oxygenstion procedure on the teat 

f

i aKI
The test. procedure umd in them inVestigsti0M -0  f net 

acute toxicicy of the M matorid to the te8t aoimak%it I lIl0 
&termin- that wncentzstion of test material which will  ~ l p 4  to?
deathin a dc+tivelyh r t  time. Inorder toobtrin repmi- of 
redulta and atatiaticdly @iScmt d a h  it ia advbble to mh i ior 
conmpt of medias t o b c e  limit,TL. (I, 8,the conen- I to: 
of material reqnired to kill 50% of the tsat 6nimala in a h tic 
period of time. The tant nsultaindicate the concentration , or 
will kill h h  rather thantheconcentration that wiU not kill & 
Thorefore,inuaingtbedata for water pollutioncontrolit t te 
rsry to apply a factor of rdety in determining " d e  concenb t Ir. 
tiona." The d e  concentration fonnub try to account for tb, fo 

tk 
d u e s  am obhined u the bst time iaenaWa Ths combiptd y te 
24,e,and 9B.hourdatagenerally provick dficient h f o m t i ~  a' 
to approxinub TL, dues for infinits time. The ad-
of them data CYUI be &tambed by obserping the tc 
between aucceaaivu orrluerr of TL, M time incrwam. Tha, C* 

difkrenca rbould docream astima incrsaaeS, m that COUOCU* 

TL, values approach a c o d t .  b them is Limited &Id 5 0 

perience in detembbg d e  COmeUtnhtiOM at thin h, ' ir 
formuhtbm ratcrred to below muat be considered t 
p d m b r y .  They hw not been f o d y  gpctioasd by any t 
mdttf?a of g-perb. The uw of these formulstom m y  be f 
uurdiable in many rrpplicstio~. b 4 in this p a p ,  tho 
d e  concentrationio dshnedMf o h  (a: f 

or z 

where the exponent3 (in Formula1) and exponent2 (in Form& 
2), aa well M the factor 0.3 EUG arbitrary "de ty  factom." Tb 
d t a  in which the d e  concentrationo areaxpressed are the mm 
zw those in which the TL. values are e s p d - f o r  example, ifL 

nslte hw a 24-hour TL, of 20% by volume and a &hour TL, 
of 15% by volume, then from Equation 1 the d e  concentration 
will be: I 

Safe mncentmtion - 20-X 0.3 = 2.54% by volume t( 2 0 / W  

The aaum value is obtained by applying Formula 2. tl .
Numamull factom inffuence the &ta of the test and mmt be 

concidemi in the applicstioa of the test data to field conditionr 
The kat conditiom afford but a mall volume of test aolution 
per 6ah. "hedore, in worn0 CMGB, it is podble for the 6&1 
to oxidbe, aborb, or 0th- alter the cornpoaitionof the M 
mteriaL Them Mc m m  in which %hour and aghour TL, 
&ta carmot be obtained sm much becaum of the dect of &e i

I&ah on the t v ~ cmaterial. Materialasuch M phenol, for hatan@% 
am unatable under thstsrtFonditionm. In m m  if the fib 
Mnot killed inthefirsthouror ao they wi l l  aurvive indefinitely.
In ouch a cme,the tat redta  may indicate a lower degree d 
toxicitp--iS., higher TL,-than would occur in tun. 
other 0#8, the -lute weight of toxic msterid required to ' 
EUa WI m y  n a d t a t e  a nlatively high concentmtion in 
rmdt volume wed for the teat. If tbia i a  thecam, the bboWW 
T L ,  could be much higher than that for fteld conditiot~~. I 

332 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  



_ .  

n in some c a a ~ ,the toxic msteriyl is volatile. Such materiais 
Id would be loat from aolution rapidly in tarbulent otxear~and 
0- Bbwiy in sluggish atream#. The nab?of low for theh t  conditions 
in reported herein mmulates the anticipated lowee froma duggish
ed itream. Because loam occur during the course of a test, the 

TL, data reported for volatile materialaare relatively high. 
The composition of the dilution water in the test solution may 

street the results oppreriably. Experience hrs shown that hard-
the men, dkakinity, pR, and organic matter content of the water 
, it may effect the toxicity ofa given mnterial. The precipitationof 
WJe toxic iom, the inhibition of toxic effects due to the antagonism 
ible 31one ion towardanother, such aa the antsgonicmof thedciurn 
the on towlud the sodium iOa, and the formation of relatively non
tion toxic complexes dl can affect toxicity. In  aome CMCS,combina
iven ti on^ of io- or materinla are mom toxic than the individual ions 
that )r materiala alone. 
fiah. The test dataobtuinedapply only to theqeciea of 6ah being 
3cee- tested More eenaitive forma may be preaent in the &ream. 

1- [n Leneal, '~gnme"fish sre more auaitive th.n 'kugit' 6Eh
r the or instance, btaegiU Eunfuh are much mom mdtive to phenol 
TL, than arr)goldfhh. Therefore, i t  is advantsgeDllll to use 6ah in 

3ined testing programe that have approximately the asme mnaitivity 
ation u the game fish indigenous to the atream under consideration. 

F Y  The tamperatwe of the receiving body of water will affect the 
encea toxicity of a given materid. In general, higher temperatures are 
Thew mnducive to greater toxicity. 
nltive The teet pmcukes Outtined sbove messure ahorttim effwta 
Ld U- >dy. ThCio- inslmenee of thewaste is not mearmred, nor 
t, the s thr? &e& of the mste on the food supply of the 6ah. Thus. 
trictly the diapod of a waute may dwtmy fish life over a period of time 
Y >y cumulative &ect of toxic materiala or by the destruction of 
WY be ssh food life without being responsiblefor a matu killing of fish. 
u, the The bxiciw &ta indicate the toxicity for only that size of 

ish ueed in the tent. There are timeswhen fry are moremnsitive 
;D tosic materiala than the adult fish. On the other hand, there 
a v e  been timea when the larger fish have been affected by toxic(1) mterialanot af�ectingwall h h  or fry. 

The teat p d u r e a  are not well suited to control testing for 
mntinuous diackgea, unless considerablestorage time is avail

(2) Lble, because there is an appreciable delay in ob- d t a  
Ihe procedures do p v i d e  an excelknt research method For 

P O r m u L  
The 

he aame 

* .  
-Petroleum Wast

ahdying the relative effectaof the many variables that may be 
encountered in practice. 

The equipmentrequired for stocking, acclimatirig, and testing 
the b h  ia relatively complex and expensive. Considerablespace
is requiredrrnd temperature+ontroI equipment is earntid. The 
tent procedures d t a t e  the killing of h t  animd.. Fish 
M relatively expensive, and approximately 100 or more h h  
Mrequired to obtain a meammment of median tolerance limit. 
In the Philadelphiaarea, gold6ah cost 3 anta apiece and bluegill 
sunfish cost 15 cents apiece delivered to the b ~ t o r y .  It can , 
be expected that 1- will be M much M 20%. Therefore, the 
cost of h h  alonemay amount to 118 per TZ, tat in the caae of 
biuegik The cocrt of food and cam may be erpsctad to increase 
the unit rost per fish to 35anta. Inaome csmea, it is polble to 
recover and rewdimatiae 6ah for the teating of other materials: 
but fish must be muaed with caution Approximately5 hoursof 
8 man's time in required toruna TL. teat, if no specialchemical. 
teetinghnquired.
Values for the relativeacute toxicity ofa w&m are w f u l  for 

astimating d e  dinpcm$ tea; they dao provide information on 
the effectivenem of treatment processes. Inproposingestimated 
d e  diapoaal ratea from relatiw mte toxicity dab, an extensive 
survey of the receiving body of water may be required to con
finn the validity of the eatimaten and estsblish the absence of 
harmfuleffects overa prolonged periodof time. 
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850 ~,~"IETHYLENEDIANILINE 

p,p'-methylenedianiline see 4,4-diaminodiphenylmethane 

methylenedimethylether see dimethoxymethane 

4,5-methylenephenanthrene 
Manmade sources: in exhaust condensate of gasoline engine: 0.47-0.76 mg/l 
gasoline consumed. 

A. PROPERTIES: solub. 1.1 mg/l at 24OC 

2-~l-methylethoxy)phenolmethylcarbamatesee baygon 

methylethylcarbind see sec-butanol 

methylethylene see propylene 
1 

sym-methylethylethylene see 2-pentene 

methylethylketone. (MEK; 2-butanone) 
CHsCOCHzCH3 

Manufacturing source: organic chemical industry. 

(1070) 


(347)
Users and formulation: solvent or swelling agent of resins; intermediate in mfg. of 

*ketones and amines; flushsff paint stripper; extraction and production of wax 
from lube oil fractions of petroleum; solvent in nitrocellulose coatings and vinyl 
films; cements and adhesives; smokeless powder mfg.; cleaning fluids; printing 
catalyst and carrier. (347) 
Man caused sources (water and air): general use as a solvent, evaporation from 
applied paints and coatings, cements, adhesives, cleaning fluids; lab use. (347) 

k PROPERTIES: colorless liquid; m.w. 72.1; m.p. -86.4'C; b.p. 79.6OC; v.p. 77.5 mm 
at 20'C; v.d. 2.41; sp.gr. 0.805 at 20/4'C; solub. 353 g/l; at 10'C; 190 g/l at 
90°C; THC 583 kcal/mole; LHC 550 kcal/mole; log Pact 0.26 

B. AIR POLLUTIONFACTORS: 1 mg/cu m = 0.340 ppm, 1 ppm = 2.94 mg/cu m 
-Odor: characteristic: quality: sweet, sharp 

hedonietone: 
T.O.C.: 	 recogn.: 32-80 mg/cu m 

25 ppm = 80 mg/cu m 
30 mg/cu m 

PITSO%: 4.68 ppm 
PITloo%: 10 PPm 
abs. perc. limit: 2.0 ppm 

5O%recogn.: 5.5 ppm 
100%recogn.: 6.0 ppm 
0.1. 100%recogn.: 15,350 

. T.O.C.: 	 25 mg/cu m = 8.5 ppm 
14 mg/cu m = 4.7 ppm 

neutral to unpleasant -

distinct odor: 163 mg/cu m = 50 ppm 
-Manmade sources: 

in cigarette smoke: 500 ppm 
in gasoline exhaust: CO.1-1.0 ppm 



t 
METHYLETHYLKETONE 851 

*in exhaust of a 1970 Ford Maverick gasoline engine operated on a chassis dyna
mometer following the 7-mode California cycle: 

from API #7 gasoline: 2.6 ppm 

from API #8 gasoline: 1.4 ppm (1053) 


-Atmospheric reactions: 

-0.76 mg/l 
estimated lifetime under photochemical smog conditions in S.E.England: 1 hr 

(1699; 1700)
(1070) -Control methods: catalytic combustion: platinized ceramic honeycomb catalyst: 

ignition temp.: 175OC;inlet temp. for 90% conversion: 3O0-35O0C (91) 
-Sampling and analysis: photometry: min. fullscale: 1,360 ppm (53) 

C. WATER POLLUTION FACTORS: 
-Oxidation 	 parameters:

BODS: 1.92 NEN 3235-5.3 (277) 

(347) 
a in mfg. of .
ion of wax 
p and vinyl 
ds; printing 

(347) 
ration from 

(347) 
.p. 77.5 mm 
:;190 g/l at 

x m  

(73) 
( 2 7 W  10) 

(29 1) 

(2) -1 I).-I 
(19) 

(279) 
(307) 
(278) 

(66) 
(195) l 

1.515; 1.81 (30)(36) 
2.24 std. dil. sewage (4 1)(2 7)
46% ThOD (220) 

BOD;': 1.81 at 10 mg/l, unadapted sew.: lag period: 1 day

BOD;:: 1.92 at 10 mg/l, unadapted sew. (554) 

COD: 	 2.31 NEN 3235-5.3 (277) 

2.20 (36) 
100%ThOD (220) 

KMn04: 0.029 (30) 
acid: 7%ThOD 

alkaline: 7%ThOD (220) 


TOC: 100%ThOD (220) 
ThOD: 2.44 (36) 

-Odor threshold conc. (detection): l.Omg/l (998)
-Manmade sources: 

PVC pipe cement used for joint connection caused 4.5 ppm, 6 months after PVC 
pipe installation and 2.2 ppm after 8 months (at equilibrium condition-reached 
in about 48 hr) (1670) 

-Waste water treatment: A.C.: adsorbability: 0.094 g/g C; 46.8% reduction, infl. 
1,000 mg/l, effl.: 532 mg/l; (32) -

reverse osmosis: 72.9% rejection from a 0.01 M solution (221) 
anaerobic lagoon: lb COD/day/ 1,000 cu f t  infl. ~ g / leffl. mg/l

13 10 5 (37)
A.S.: after 6 hr: 0.4% of ThOD 

12 hr: 0.8 
24 hr: 3.1 (88) 

BIOLOGICAL EFFECTS: 
-Toxicity threshold (cell multiplication inhibition test):

bacteria (Pseudomonas putida): 1150 mg/l (1900) 
algae (Microcystis aemginosa): 110 mg/l (329) 
green algae (Scenedesmus quadricauda): 4300 mg/l (1900) 
protozoa (Entosiphon sulcatum): 190 mg/l (1900) 
protozoa (Uronema parduczi Charton-Lwoff ): 2830 mg/l (1901) 

-Bacteria: 
Pseudomonas: LDo: 2.5 g/1 



852 METHYLETHYLKETOXIME 

-Algae: 
Scenedesmus: LDo: 12.5 g/l 

Protozoa: Colpoda: LDo: 5 g/1 
-Fish: mosquito fish: TLM (24-96 hr): 5,600 mg/l; 

bluegill: TLM.(24-96 hr): 5,640-1,690 mg/l in tapwater 
goldfish: LDSo (24 hr): 5,000 mg/l, modified ASTM D 1345 

-Mammalia: 
rat: single oral lethal dose: 3.3 g/kg 
guinea pig: inhalation: no serious disturbance: 10,000 ppm, 1 hr 
rat: inhalation: no death: 2,000 ppm, 2 hr 

4/6 deaths: 4,000 ppm, 2 hr 
-Man: no permanent ill effects: 700 ppm; complaints: >300 ppm 

methylethylketoxime see 2-butanoneoxime 

2-methyl-S-ethylpyridine (aldehydine) 

Manmade sources: 
in coke oven emissions: 24.4-73.5 pg/g of sample 
in coal tar (n.s.i.): 3.12 mg/g of sample (n.s.i.) 
in wood preservative sludge: 0.37 g/l'of raw sludge 

2-methylfluorene 
Manmade sources: 
in wood preservative sludge: 3.82 g/l of raw sludge 
in coke oven emissions (n.s.i.): 8.9-98.7 pg/g of sample 

. 9-methylfluorene 
Manmade sources: 
in wood preservative sludge: 1.44 g/l of raw sludge 
in coke oven emissions: 6.7-'102.8 pg/g of sample 

methylformate (methylmethanoate) 
HCOO-CH3 

(993) 

(993) 
. . . ,-

(993) 

Use: organic synthesis; cellulose acetate solvent; military poison gases; fumigant; 
larvicides 

A. PROPERTIES: coiorless liquid; m.w. 60.05; m.p. -99.8OC; b.p. 32OC; v.p. 480 mm 
at 20°C; 700 mm at 3OoC; v.d. 2.07; sp.gr. 0.975 at 20/4OC solub. 304 g/1 at 
2OoC;satur. conc. 1,569 g/cu m at 20°C, 2,213 g/cu m at 3OoC 

B. AIR POLLUTION FACTORS: 1 mg/cu m = 0.40 ppm, 1 ppm = 2.50 mg/CU m 
(57) 

-Odor: odor threshold values: recognition: 5,000 mg/cu m = 2,000 ppm 
i65-180 mg/cu m (73)(210)(610)

.distinct odor: 6,900 mg/cu m = 2,750 ppm (278) 
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. .  

es above the level critical for reassembly of tubulin and allowed to grow, faulty microtubules are 

normal chromosome segregation in human syndromes. Moreover. the most frequently ob
d s  results in a number of severe genetic served genetic aberration found in spontaneous 

such as Klinefelter's, Turner's or Down's human abortions is chromosomal aneuploidy 

-510'/85/S03.30 Q 1985 Elsevicr Science Publishers B.S. (Biomedical Dhision) 
r , , .  . ,, 
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tions. it  is also apparent from recent studies that 
some chemicals can induce aneuploidy but no 
other types of genetic effects such as point muta
tion or mitotic recombination (Gualandi and Be-
Hincampi, 1981; Parry et al., 1979, 1981; Zimmer
mann, 1983). To fully understand the genetic ef
fectsof an agent it is imperative that chromosomal 
malsegregation be investigated. 

We developed a system with the yeast Suc
chnromyces cereuisiae for detecting the induction 

- _  .. L .  :-	of' mitotic aneuploidy (Parry 'and Zimmermann, 
1976). The stra in  and system bas@ on chro
mosome loss in mitotically growing cells are cur
rently under investigation so as to enhance the 
responsiveness of the test. In the course of these 
studies a number of bipolar'aprotic solvents in
cluding acetone, methyl ethyl ketone and ethyl 
acetate were found to induce aneuploidy but no 
other types of detectable genetic effects in yeast. 
We report here on a systematic investigation into 
the genetic activity of this class of ChemiCats and 
also propose a mutagenic pathway which is neither 
initiated by a primary reaction with Dh'A nor 
does it lead to an alteration of DNA. Rather, we 
propose that such agents are mutagenic because 
they interfere with tubulin assembly and therefore, 
formation and function of microtubules. 

. . 
Materials and methods 

The test sysrem. The diploid strain used in this 
study is D61.M (Zimmermann and Scheel. 1984). 

. 
I
I 

The full genotype is: 

' ii 
1 cyh2 + l ed  ade6 ade2 ilul-92 
'! - -- centromere - -
! + rrpS +- + a d d  iiol-9.' 

MATa MAL' SUC H I S  
centromere -

MATa mu1 sue h s  

Cells of strain D61.M form red rather than the 
usual white colonies because of the homozygous 
condition of ade2. They require isoleucine because 
of the homozygosis of ilol-92, and they can utilize 
maltose and sucrose/raffinose since MAL and 
SUC are dominant. They are sensitive to 1.5 ppm 
cycloheximide, and do not require leucine. tryp
tophan nor histidine because markers ~$2,l e d ,  

nant genes MAL and SUC media contained in 
addition to yeast extract and peptone either 2% 
maltose or 3% raffinose and were supplementea" 
with 2 ppm antimycin A in order to block respi
ration so that fermentation of the two diagnostic 
sugars was the only means for growth. Expression 
of cyh2 was detected on a YEPD medium with 1.5 
ppm cycloheximide. A synthetic medium, Con
sisting of 1.7 g/l Difco yeast nitrogen base withoul 
amino acid and ammonium sulfate, was supple-1 

10/24/1996 EPA TSCA DOCKET 




, . 
5y "expr&ion Of .recessive ode2 which causes the for-.. 

:;:- ' m.atibn-ofred colonies1 the adenine content was 
gx redad to 4 mg/l. AI1 the oti~crnutritional 

.++- ~i;ia&crs~werediagnosed on the synthetic medium 
+ojitfi. one kif the supplements omitted (drop out 

orulation was i n d u d  on a solid 1% 
acetate medium. Media were solidified 

,p&piration oj  cultures. Approximately 200 
'-' ails were inoculated into 5-mI volumes of YEPD 

bes and incubated on a 
for about 36 h to a titer 
er ml. Samples of 0.1 rd 

spread on YEPD plates with 1.5 ppm cyclo
red in the refrigerator 

could be scored (about 
later). Only cultures with 3 normal back-
of red and white res=lstant el ls  were used 

erirnents and were kept far up to 3 weeks. 
ch refrigerated cultures 
h YEPD medium and 

h to bring cells back 
T- into growth phase. 
. . Purity of chemicals. Ethyl formate was only 

re. The other chemicals were at least 978 
better and most were of analytical grade 

mew protocol. The chemicals .-studied 
-:-were all liquid and were pipetted directly into a 

volume of 2 ml of a growing culture in 
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such -a regimen leads to anaerobic conditions and 
induction of respiratory-deficient mitochondrial 
mutanb which can be white on the selective 
medium and create unnecessary testing of white 
colonies for expression of l e d .  Therefore, in spite 
of occasional variations in-reproducibility between 
experiments,we xoruinely used capped tubes. 

Evolugtion of experiments. The selective cyclo
heximide containing media plates could be scored 
after about 6-7 days for the colony color and 
colony numbers. The red colonies expressed as 

...frequency per io5colony-forming units were usu- . i 
I ,  

ally scored. They reflect the cumulative effects of 
other types of genetic events like point mutation, 
mitotic recombination or deletion of chromosomal 
fragments. Control values ranged between 10 and 
30 red colonies per io5colony-forming units. The 
presumptive monosomics are found among the 
white resistant colonies. In the absence of high 
levels of recombination, chromosomal loss events 
are confirmed by the concomitant leucine require
ment. The white cycloheximide-resistant colonies 
were examined further both for leucine require
ment and to confirm that they were really white. 
Mere counts of white colonies are only permissible 
when there is a srrong induction of white colonies 
on the selective medium and previous testing has 
proved that most of these are in fact requiring 

-leucine. The spontaneous frequencies of such col
,'onies are usually very low (generally less than 

t cell titers between 3 and 8 x lo6cells/mI ,, 1x 10-6)
in metal capped 10-m9 centrifuge tubes. They were 

- incubated for 4 h. then placed into an ice bath for 
16 or more hours. The cultures were incubated 
again on a shaker at 28OC for another 4 h before 
plating. Cultures were adjusted if necessary to cell 
titers of between 20 and 30 x lo6cefls/ml accord-

. ing to hemocytometer counts. Samples of 0.1 ml 
were plated without washing on the selective 
Wloheximide medium (usually 3 piates per con
centration). Platings on a non-selective synthetic 
medium were done from 1:lOOOO or 1:lOOO dilu
tion in order to determine the viable titers. 

The chemicals tested are quite volatile and a 
loss by evaporation from the metal capped tubes 

I-- led 10 an impaired reproducibility. The alternaive 
hermetic sealing of the tubes. However, 

would have created another problem because 

The normal incidence of white and leucine-re
quiring resistant colonies is usually too low for a 
reliable determination of the frequencies of 
aneuploids in control cultures. Therefore, the use 
of a positive control agent was indicated, such as 
ethyl acetate, methyl ethyl ketone or acetonitrile in 
order to demonstrate the proper functioning of the 
test. 

Presentaiion of data. All treatments were done 
with growing cells. Final titers of all control and 
experimental samples are gven in the first coiumn 
of the tables. The next entry is the total number 
and frequency of resistant (both red and white) 
colonies. Finally, the number and frequency per
IO6 colony-forming units of white, leucine-requir
ing resistant colonies is given. 
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Results 

n e  agent acetone whicii’initially w w  y ~ e das a 
solvent for various chemicals was found to induce 
aneupioidy albeit in an inconsistent fashion.W e  
found, however, that overnight storage on ice of 
cells in growth medium containing aceone re
sulted in a very strong in’&uction as &own in 
Table 1. A considerable ’fraction of rhe c#o
heximide-resistaiit colonies were white and almost 
all of those were leucine-requiring- n e  relative 

TABLE 1 

. ... 
. .A 

- 2  -
frequencies were also very high, 100 times-above.,:; 
the value in..the:concurrent control. in .conwast to--’: 
this, red resistant colonies did not increase.and- . 

bnly 4.1% of the red resistant colonies .showida 
leucine requirement demonstrating that acetone 
does not induce point mutation or recombination .. 

under these conditions. Based on these resurts,. the 
white and leucine-requiring cycloheximide-se
sistanY ‘colonies are concluded to arise’�rom ‘chro:: . ... I mosome malsegregation. 

The dramatic effect of storage in ice was in-

INDUCTlON OF MITOTIC ANEUbLOIDY IN STRAIN D61.M WITH ACETONE: ANALYSIS OF WHITE RESlSTAhT 
COLONIES 

Sample Titer Rcsistanr cxkmics White resistants M onosomics 
x 106 Total while Tested leu x 126 

. .Control 84.5 755 6 6 2 0.26 

Acetone 
6.98% 20.2 937 187 57 54 19.95 
7.41% 15.5 782 210 37 36 26.85 
7.83% 7.7 570 161 51 50 34.26 

The numbers in columns u<rhheadings ‘Resi-1 r&nir~’. ‘Total’ and ‘White’ refer to counts on 3 plates with cycloheximide 
mcdium. I71 red resistant colonieswere also pi& fm plates seeded with cells after exposure to 7.83%acetone: only 7 (4.1% of Ih6 
red colonics tested) were found to require leucine Aatone was added to a growing culture at a titer of 7.1 X lo6 cells/ml and 
incubation continued for 5 h before a 17-h storage in iot This was followed by a 7-h period at growth temperature Cdl riterswcn I .. 
adjusted by diluton before plating. T h e  titers 3ft Mon colony countson a non-selective medium. Monosomic.&ntrol frequencia . . 
are based on the number of actually leucine-requir@ white resistant colonies. In case of the samples exposed to acetone. only 1 
representative samples of white colonies were tcs.wL The fraction of leucine-requiring white resistant colonies was then used to ’’j 

compute rhe presumptive numbers ofl e u c i n e - r g & ~ ~ l o n i e samong the overall numbers of white resistant colonies. This was then 
used to compute the frequencies.of monosomics _ .  

TABLE 2 

INDUCTION OF MITOTIC ANEUPLOIDY fN sTItl\IX D611M WITH 7.83%ACETONE: THE INFLUENCE OF STORAGE ~ 

TIME IN ICE 

SamDk Titer T o d  rcsuuu11s White resistants 

x 106 CQhICS x 10-5 Colonies x 10-6 

Control 
17h30min 70.9 9-% 15.69 3 0.49 

7.83%Acetone . 
0 min 48.6 994 23.48 * I 0.24 

-.15 min 48.1 1004 24.39 5 1.21 -.. 
...30 min 13.3 579 28.94 0 - I 

r.. 
.* 

1 h 3 0 m i n  20.0 ns 25.33 3 0.98 z 
1
, :+s -

17 h 30 min 8.5 T59 27.00 98 38.28 . *? 
& ... 
. .  

Acetone was added to a growing culture at a C t a  ofP9X106  cells per ml. Incubation was continued for 4 h before rultures tv* 
transferred into ice for the times indicated. The 0 min sample was plated 17 h 30 min later, the other samples after an accordin& 2 
shorter time. The 17 h 30 min control and acetone sur@r~were plated after an addjtiond incubation period of 4 h. .. .*j..” 

~ .i 
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IdN'OF MITOTIC ANEUPIAIIDY INSTRAIN D61.M WlTH 6.82% ACEFONE -TIME COURSE OF INDUCTION 

'-?-

Titer Total rcsisianls Monosomics 
x 106 Colonies ~ 1 0 - 5  Colonies x 10-6 

43.6 879 u 20.13 3 0.23 
:.:i,ttcr i+.&-_ 50.3 - - 3 0.20 

: 2 b - B Z - 2 8 0  61.3 - - 5 0.27 

4har28* 53.8 - - 4 0.25 

17.29 2 1.20 
16.73 1 1.85 
40.74 38 46.92 
32.57 67 45.27 

lo6cells per ml. A parallel Cutrurc without acetone was used as a control. 
gs were done 4 h aftg addition of acetone (designation'before i d ) .  Tne nesi -pies were plated afrcr an additional 

culture were then further incubzld at 28°C. Sampleswere again plated 

I F ; D T J ~ O NOF MITOTIC AX;EL'PLOIDy IN STRAW D62.M WITH 2.44% ETHYL ACETATE: AGENT ADDED AFTER 

* 

Total resistants Monosomics 

x10-' colonies x 10-6 
isi:---.: 
*I?'. - {a)Agent a d d 4  4 h before transfer inro ILT 
c-kforc ice 10.00 354 3 1.oo 

!f-. --.. adofice perid 5 5  207 x:: 5 3.05 
. _._.... 1b after ice 4.5 252 18.67 24 17.78 
z ;=--2bafrericc 5.5 437 ' 26.65 . 210 128.05 

12.2 393 31.95 '42 196.75 

G=-4 h after ice 16.0 578 36.1 2 368 230.00 


36.3 1260 34.71 673 185.40 


ded at time of transfer into ice 
34.1 856 16.72 0 

-Lg -- end of ice period 27.9 491 11.75 0-=--Zhaf ia i ce  292 617 15.46 2 0.46 
4 haftmice 36.4 711 19.53 9 2.47 

7.-: 6hafitrice 43.6 912 20.92 11 2.52 
y-~.?p

0.22 
0.72 
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. . '. 
vestigated further. As shown in Table -2,.growing 
cells were. exposed to .-acetone-for 4'h and then 
.placed in ice for various periods of time No effect 
was seen for up to 90 min exposure. In a different 
experiment, a culture exposed to 7.41% acetone 
was stored in ice for 5 h 15 min; this mked tbe 
incidence of monosomics from 0.06 x 10'' (only 
"onecolony counted)i~the control to 27-14 X 
a .value .based on a count of 133 cdonies. It is 
important to notice fiat  there was hardly any 
increasein red resistant colonies indicative of other 
types of genetic effects. Monosomic colonies 
started to appear only after the cultures had gone 
through a growth period, followed by storage in 
ice, and through a second growth period as shown 
in Table 3 for acetone. This protqcol had no effect 
on the control culture. 

".,Afte;' : pijndu:ciio-n:;of2 ,ade$pIGi 
acetone had: hen.'esi'abli'sh&%-we';"testkd 
solventb for'induction of aneupIoiay:.ThB Str 
inducer of mitotic aneuploidy was ethy1 a 
To determine the critical parts of the c 
treatment protocol, a growing culture 
into subcultures. One received..ethyl 
mediately. (Table 4a); a second subc 
.removed 4 h later and Teceived ethyl acetate..&. 
mediately before storage in ice (Table 4b). Af&r. ":. 
overnight storage in ice. a third subculture;&: i j z !  
ceived ethyl acetate immediately before transferto -" 

rupted by storage in ice led to strong inductio$$f. ,;. 
mitotic aneuploidy. Moreover, it was equally.ob6- X: 

INDUCTION OF MITOTIC ANEUPLOIDY I?; WIN ~ 6 1 . ~WITH3.54% METHYL ETHYL KETONE: REMOVAI~OF: 
AGENT AFTER DIFFERENT GROWTH PEFUODS :.. . 

. . 
~ , .Sample time Titer Total resisranss Nonosomics-x 106 Colonies x 10-5 Colonies x 10-6 . .  .. . 

. .  
Cantrol culture .:: 
before ice 32.2 1023 10.60 1 Q.10 - . ..,,., .. 
end of ice 29.9 933 10.74 3 0.35 

(a) Methyl ethyl ketone present throughout 
before ice 3.9 16E 14.46 2 1.72 
end of ice 3.9 397 16.69 0 -
1 h after ice 3.3 332 33.86 118 120.40 
2 h after ice 2.1 573 ~. 45.49 138 168.29 
3 h after ice 3.4 423 41.88 166 164.36 
5 h after ice 4.1 533 42.98 176 141.94 

(b) Methyl ethyl ketone removed after 4 h gr0u-k at ZS0C 
end of ice 3.8 168 14.74 1 0.88 
I h after ice 5.4 12; - 11.32 3 2.76 
2 h after ice 6.2 3 5  13.78 3 1.62 
3 h after ice 10.6 5'1 16.38 I 0.31 
5 h after ice 27.5 623 15.12 6 1.46 

3 h after ice 12.5 w 14.40 5 1.33 
5 h after ice 31.6 759 16.01 6 1.27 

. . 
Methyl ethyl ketone was added to a growing culture at a cell titer of 6.95 X 1G6 cells per ml.Part ol this culture was removed after h,$ 
at 28°C. centrifuged and resuspended in fresh medium. Both cultures wein stored overnight in ice. After 17 h in ice, part o f  thc$ltuy
containing methyl ethyl ketone was removed centrifuged and resuspended in fresh medium. kll 3 cultures and the cOntroI'C$~~j; 
were incubated again for the times indicaied in column 1 and plated. * Only 2 instead of the standard 3 plates scored. ' ~, .,.: 

:I . 
, ?  , .  
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-,from the total - i 

which would indicate -poi 

1532 

994 

666 

384 


a 

1031 

741 

590 

889 

339 


2577 


571 

2625 

1631 

1189 

253 


5036 


375 

725 * 
1209 
1322 

1160 


209 


829 

663 

313 


52.5 	 878 

778 


23.75 23 3.57 


20.08 39 1.88 


21.63 69 28.63 


15.66 40 26.67 


6.85 1 0.12 

10.57 2.1 3.85 

13.02 58 8.39 
6.2512.63 iij 
39.0418.72 33 

10.24 5 0.20 


47.98 367 308.40 


13.69 6 0.31 
14.07 -? 0.17 

13.12 1 0.11 

12.59 13 6.44 

26.17 9 0.47 


78.12 
24.58 
32.11 
30.29 

3' 
12 
11 

1.02 
3.19 
2.52 

16.42 1 0.28 

29.65 51 72.34 

25.95 
19.82 
19.13 

3 
2 
I 

0.94 
0.60 
0.51 

-

133 277.08 


16.72 0 
14.36 7 1.29 
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methyl ethyl ketone to determine whether the 
chemical needed to be present continuously. A 
growing culture received the agent and subcultures 
were prepared after the initial 4 h a t  28OC and 
after the overnight storage in ice. Parts of the 
cultures were removed, the cells spun down and 
the supernatant replaced by fresh medium without 
methyl ethyl ketone. As shown in Table 5, induc
tion was only strong in' that'part of the culture 
which was continuously expo& to the agent. 
Again there was no significant increase in the 
frequencies of red resistant colonies. 

The required iength of the growth period before 
storage in ice was investigated with methyl ethyl 
ketone. The agent was added to a growing culture 
and samples were removed and placed into ice at 
various times. All samples were then shaken at 
growth temperature and incubated for another 4 h 
before plating. Aithough in this experiment induc
tion was low, a significant level (8.62 X lo-' based 
on account of 28 colonies) was reached only after 
225 min. 

While ice treatment is important N5th these 
agents to elicit a response, induction of aneuploidy 
is possible without the ice treatment; however it is 
much weaker. The frequency of monosomic cells 
in a growing culture exposed for 8 h of incubation 
at 28°C to 2.44% ethyl acetate was 6.83 x 
monosomics (based on a count of 45 leucine-re
quiring white resistants) as opposed to 0.14 x 
in the control. The intermittant cold storage only 
enhances the potential to induce aneuploidy. 

A series of acetate esters was tested as shown in 
Table 6.Methyl and 2-rnethoxyethyl acetate were 
found to be positive but at concentrations higher 
than ethyl acetate. The n-propyl and iso-propyl 
acetates were marginally active. however. the gen
eral toxicity of the two propyl esters occurred at 
lower concentrarions. This roxiciiy was still more 
pronounced with the n-butyl and the isoamyl 
acetate. 

Experiments with additional esters are shown in 
Table 7. Methyl propionate and methyl butyrate 
were positive but not as efficient as ethyl acetate. 
Ethyl formate and ethyl propionate each showed a 
weak induction in only one experiment but were 
negative in three others. 

Acetone (dimethyl ketone) and methyl ethyl 
ketone were strong inducers of mjloljc aneuploidy; 
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TABLE 7 

INDUCIlON OF MITOTIC ANEUPLOIDY WITH DfF-
F E R E M  FATIY ACID ESTERS OF METHANOL A ~ D  
ETHANOL IN STRAIN D61.M 

Sample Titer Total resistants Monosornics 
I 

Colonies.. x 10-5 Colonies x IO-*-, 
Methyl propionale (1 out of 2 ExptS.) 

Control 94.2 2165 22.98. 7 . .. 0.74 , 


1.23% 58.4 1998 22.81 12 1.37 
1.36% 21.8 1784 27.32 12 

_ .
1.84 

1.48% 6.2 463 24.76 29 15.51 

Methyl butyrate (1 out of 2 Expts.) 
Conrrol 53.8 627 19.41 0 
Positivecontrol: 2.44%ethyl acetate 

4.5 868 64.78 388 
0.50% 22.5 847 14.05 2 
0.99% 3.8 215 19.03 20 

Ethyl formate (1 OUIof 4 Expts.) 

Control 93.6 1820 25.92 3 

Positive control:1.36%Tethyl n-propyl ketone 


12.8 1488 38.75 37 
1.368 31.2 1652 17.63 19 
2.32% 23.9 1499 20.88 9 
2.44% 13.9 781 18.73 5 
2.56% 1.3 68 17.89 0 

Ethyl propionate(1 OUI of 4 Expts.) 

Control 75.9 1965 25.89 0 

0.548 44.3 3049 22.96 5 

0.94% 31.5 2163 22.89 3 '  

1.046 7.6 614 26.70 18 

T h e  treatment protocol followed was the same as the one 
described in the legend of Table 6. 

.a,* 	 methyl n-propyl ketone also induced aneuploidy 
but less strongly (see also Table 7 where it was 
used as a positive control agent with ethyl for-
mate). Diethyl ketone was found to induce aneu
ploidy also and, in addition. a slight increase 
seen in the frequencies of red resistant colonies as 
s h o w  in Table 8. The methyl isopropyl ketone 
also induced an increase in red resistant colonic 
indicative of the induction of point mutation 
and/or mitotic recombination, but only weauY 
induced mitotic aneuploidy at levels of high toxiC
ity. A diketone, 2.5-dipentanone, was also test& 
but i t  was negative. 

Both esters and ketones are polar 
solvents. This prompted us to test acetonitrile 
another commonly used aprotic solvent. It 
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-- 

-- 

. .  

052 

,;. ...-. .~. ... 
. 3 g..' .  . ,...- :.. .. .. . . . .: ..I 

.c
_s-~ c t h y ln-propyl ketone (1 wt of 4 Expts.)
2833Contrul 49.9-& La% 15.5 2 390 

6 5  848$ 

c
=zMethyl isopropyl ketone (2  out of 4 Expts.)

r-


Gcrmuol 77.2 1405 


5.poriuvccontrol: 3.381 methyl ethyl ketone 
.---z.:z3 i 1.72 222 

2.2 933 
1.6 '674 

.a^._-5-Corrvol . 93.6 1820 
.-As?W% 28.6 1632 ** 

. 23.7 1114 
-+> 0.9456;>.- 123% 2.29 693 
-I,.<--_- . _ _.  ?.+Dipentanone (acetyl acetone)..._ .. 

.... . 126.96 
3.57 

25.65 5 0.82 
. .26.39 . 19 4.23 
, ,  

45.43 85 . 72.58 

-37.82 0 
51.40 21 4.52 
43.71 103 53.09 

27.03 1 0.13 

42.86 
143.35 

38 . 
3 

73.36 
4.62 

143.40 7 14.89 

25.92 3 0.43 
57.13 3 0.35 
70.51 1 0.63 

100.73 2 039 

. 
~ . . I  . '; ,::: 

6.85 
.. . 

0.12- .z-u(jl 80.3 1031 
. .  ?%sZvc control:3.38% methyl ethyl ketone ' / 

7-w;- 16.0 862 13.39 .' - -:245 . 38.04A"&:,-- .~

.I-=
-Ti 0.74% 42.0 980 14.58 1. . 0.15 


.I.-. 33.1 1298 19.47 1. 3 0.43 


5:: l&% 23.3 1874 20.37 ,-, 2 0.22 

'.

-Y: t%% 7.8 696 22.38 2 0.64 


-.fL


'ibc treatment protocol followed was the same as the one described in the legend of Table 6. * Leucine-requiringwhites determined onE'*'*1instead of 3 p1z:es. ** Total resistantsscored on only 1 instead of 3 plates.
b-:m.ii;
-==..:+z.;--

SF? . 
T. 'ra7r.-
* I 

L 

TABLE¶ 

p:+ EDUCTION OF M ~ O T I C.. ANEUPLOIDY WITH ACETOXITRILE IN STRAIN ~ 6 1 . ~  
&' 

?:sample Titer Total resistants Monosomics 

x 106 Colonies x10-5 Colonies x 10-6 

ltrd 74.8 1119 24.95 3 0.67 
Ipsi% 78.6 1793 22.81 11 1.40 
Z.&16% 8.8 823 31.29 91 34.60 _ _  

C~ 

h l m c n t  protocol followed was the same as the one dcscrjbtd in the legend of Table 6. 
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TABLE 10 


TREATMENT OF STRAIN W1.M WITH DIOXANE 

. i .  

Sample Titer Total resistants Monosomics 
x 106 Colonies x10-5 Colonies x 10-6 

Control 132.2 1143 1129 5 0.76 
Positive control: 3.38% methyl ethyl ketone . .  

11.2 1014 30.27 175 52.24 . . 
9.8 860 29-15 185 62.71 'p 

1.48% 99.4 1538 15.47 4 0.40 
1.96% 83.8 1424 1699 2 0.24 
2.44% 58.9 I671 18.92 6 0.68 

,2.91 % 30.9 1137 24.56 2 0.43 
3.38% 20.9 1331 21.23 4 0.64 
4.31% ' 8.4 573 22.30 0 -
4.75% 2.9 179 20.34 0 -
Repeated plating afrer an additional incubation period of 5 h 
3.85% 18.4 1491 27.01 2 0.36 
4.31 % 15.1 1110 22.98 9 1.86 

Treatment conditions as described in the legend of Table 6 except forthe repeated platings. 

found to be positive (Table 9), and showed no 
effect on the induction of red resistant colonies. 

Dioxane was also tested and found to be nega
tive even uith extended incubation (Table 10). It 
did have severe effects on cell morphology; at 
concentrations above 3% aggregates were formed 
which looked like hyphal clusters rather than ag
gregates of yeast ceils. 

As shown by Wood (1982), mitotic aneuploidy 
can be induced in yeast with ba\istan, an agent 
known to prevent self-assembly of yeast tubulin 
(Kilmartin. 1981). Because Wood found that 
selecting for monosomy of one chromosome often 
yielded clones with multiple aneuploidies. we ex
amined further white cycloheximide-resistant 
colonies which arose after exposure to ethyl acetate. 
Cells from these colonies were spotted on cyclo
heximide medium. After overnight growth. the 
plates were replicated onto different diagnostic 
media to derermine the expression of recessive 
markers including mating type. The results are 
shown in Table 11. All of the 100 isolates 
expressing a mating type also expressed the cou
pled marker mal. Five of these expressed the reces
sive his on another chromosome. Most isolates 
expressing u mating type were able to use maltose; 
only 4 expressed a maltose negative phenotype. 
Additional recessive markers were expressed in 

TABLE 11 

INDUCTION OF MITOTIC ANEUPLOIDY IN STRAIN 
D61.M WITH ETHYL ACETATE: ANALYSISOF WHITE, 
LEUCINE-REQUIRING RESISTANT COLONIES .FOR 
THE SEGREGATION OF UNLINKED RECESSIVE 
M4RICERS 

uith additional expressionof his 4 
(3)Expresssingonly hi5 16 
(4) Expressingonly mal 7 
( 5 )  Expressing his and rrp5 1 

Total number of white and leucine-requiring 

resistant colonies expressing additional 

unlinked recessive markers 207 =16.6%" 


Cells from white resistant colonies were picked onto tbC d e C .  


live cycloheximide medium and the plates incubated lot 36 

Plates were then replica plated on diagnostic media .for tb 

determination of his. mal and rrp5. Replication was also dm 

on rich-media plates seeded with either cells of a strainof:Tac. 

u mating type both carrying the recessive marker ndel. .Aftc' 

an additional incubation for 24 h. these plates were ag"j 

replicated onto a synthetic minimal medium where 0nlYFa 

isolates could grow which could form a prototrophiC:lriP1a 

with one of the two mating-type tester strains. 200 red 

colonies were tested in the same way. 31 expressed l e d .  5 ' W  
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16.6% of all white and leucine-requiring resistant 
isolates. 200 red resistant colonies were tested in 
the same way. The only additional recessive‘ 
markers expressed w e  &e linked alleles feuf and 

probably reff ecting the occurrence of reearn
binational events at those loci which are located 

ally to ryh2. These. data indicate a high 
ence of mitotic malsegregation of. other 

with aneuploidy of chromosome VII 
and no coincidence With recombination.. ._ 

To further characterize the genetic changes in 
b e  ;ineuploid variants, white and leucine-requiring 

t clones from conrrols and mutagen-treated 
were sporulated and tetrad analysis was 

ed. True monosomic diploids should seg
live and two dead spores in each meio
ccurred in only 7 of the 52 clones 

ysed (Table 12), indicating that most.of the 
iring and white resistant colonies had 

normal diploid condition by the time 
sporulation. This conclusion is in agreement 

rvarions of Stromnaes (1957),Parry 
m e r r n a m  (1976) and Wood (1982). 
experimental design used detects mutants 

nosomic or have gone through a 
transient stage of monosomy. It was most interst
ing to find that 5 of the 52 clones showed an 

my for chromosome 111which car
ries the mating-type locus. Cells that are trisomic 

/ 

~NDUCTIONOF 	MITOTIC ANEUPLOIDY IN STRAIN 
ANALYSIS OF PRESUMPTIVE hfOP0. 

ru’mber 2 dead: Addiijonal 
anaiysed 2 viable trisomy 

1 0 . 
3 I 
1 2 
2 2 

.Told s2 7 5 

’ %ategory 2 dead:2 viable is expected in the case of per
*g mOmomy. Additional trisomy can be refomited if it-
?aChromosome 111 which carries-the mating-iypc ~wIS. A 
,*d ~ s 0 d cfor this chromosome will segregate non-mating
T y  which are u / a  and consequently should sporulate. This 
* h u l  criterion for trisomy could be verified in 4 out Of 5 
_.._9% 
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for this chromosome can segregate haploids which 
are disomic for chromosome 111 carrying both 
mating type .alleles MATa and MATa. Such di
somic haploids cannbt mate with a haploid mat
ing-type tester strain, but they can sporulate. This 
was actually observed in most of the segregating 
non-maters. We conclude from fhis that when 
chemicals induce monosomy of chromsome VII, 
the treatment frequently induces malsegregation of 
additional chromosomes as well because of the 
high mincidence of monosomies-(Table 11) and 
trisomies (Table 12) seen in chromosome HI. 

Discussion 

The ability to induce chromosome malsegrega
tion need not be associated with the induction of 
other genetic events. We have identified 6 chem
icals that are very effective in inducing chro
mosomal. malsegregation but no other type of 
genetic effects in our system: acetone, methyl ethyl 
ketone, acetonitrile and the acetic acid esters of 
methanol, ethanol and Zmethoxyethanol. 

The most effective treatment protoccl which 
included a holding period in ice might be expected 
in the light of the nature of the chemicals and their 
genetic effects. Most of the positive chemicals 
tested in this investigation induced only chro
,niosomal malsegregation but none of the other 
types of genetic events, mitotic reccpbination or 
point mutation, easily studied in y&t (Emmer
mann, 1984). This suggested that the primary 
targets were not DNA nor the DNA-metabolizing 
systems. The most likely target producing 
malsegregation would be the spindie apparatus. 
Tubulin is an essential component of microtubules 
including those of yeast (Kilmartin and Adams, 
1984). It has an unusual property: microtubules 
dissociate in vitro below a certain critical tempera
ture and aggregate again above this temperature 
when GTP is present as an energy source 
(Timasheff and Grisham, 1980). This reversible 
dissociation and reassembly can be used in general 
to purify tubulin and associated proteins (Williams 
and Lee, 1982) including yeast tubulin (Kilmartin, 
1981). 

The behavior of tubulin and microtubules pro
vides an explanation for the unusual protocol re
quired for efficient induction of aneuploidy with 
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the aprotic bipolar solvents. It is possible that 
microtubules formed during growth in the pres
ence of such agents are somehow weakened and 
function poorly during mitosis resulting in the 
observed chromosomal malsegregation. The en
hancement of aneuploidy by cold treatment could 
be due to a greater dissociation when the agents 
are present. Upon return to growth temperature, 
microtubule formation in the presence of the agents 
could be perturbed resuiting in poorly functional 
microtubules. The observation that considerable 
toxicity can be detected over a small concentration 
range may relate to the need for a critical amount 
of functional microtubules. 

I t  has to be emphasized th& there is some 
induction of aneuploidy by the solvents without 
the ice treatment. Induction of aneuploidy by ace
tone was indeed observed using the normal treat
ment protocol with continuously growing cell cul
tures. Cold storage mereiy amplifies the effects. 

The 6 chemicals that were strong inducers af 
aneuploidy are widely used as solvents. The 
strongest aneuploidy inducing mutagen, ethyl 
acetate, is used as a nail polish remover and is 
consequently applied to humans at high con
centrations. Only one of the strong aneuploidy-in
ducing agents, diethyl ketone, induced other 
genetic effects but at a low level. Methyl isopropyl 
ketone was the only agent which weakly induced 
mitotic recornbination/point mutation bur not 
aneuploidy in yeast. 

It must be emphasized that not a 3  the aprotic 
bipolar chemicals iested were positive. Butyl and 
isoamyl acetate, used as flavoring agents in sweets, 
were negative. Moreoser, we have obtained nega
tive results (not reported here) for a large number 
of alcohols and fatry acids. 

Comparison of the 19 chemicals investigated 
leads to some speculation on chemical 
structure/biological effect relationships. The smal
lest ketone, djmethj.1 ketone or acetone, was the 
least effective. The next larger moIecule, methyl 
ethyl ketone, was effective at lower concer:trations 
(between 3 and 4%) and diethyl and the propyl 
ketones below 28.A size relationship also applies 
to the esters. Methyl acetate was the least effective 
whereas butyl acetate was so toxic that no more 
than 0.5% was tolerated. The increasing toxicity of 
the larger homologs may mask the genetic effects, 

since only the smaller compounds werefound to .: 
be active and these are the ones with lower toxic- .. 

ity. Only tests in vitro can reveal ihe actual capac.-.
ity to interact with tubulin or microtubules. 

It must be noted that two of the ketones, di
ethyl and methyl iso-propyl, but not the n-propyj 
methyl ketone also induced 
genetic effects, mitotic recombination 
point mutation. I t  is conceivable tha 
form Schiff bases with amino grou 
bases and thus produce genetic effec 
is noteworthy that a distinct differe 
between the n-propyl and the iso-p 

The 2,Sdipentanone is stmztur 
but it lacks the properties of the other ketones,asit 
is more reactive chemicaliy but was negative in our
tzsts. Dioxane is actually a double ether and was 
included in the present investigation only because' 
its dramatic effects on cell morphology suggest 
that it interferes at some point with cellular activi
ties. 

Acetonitrile which is used in industry in large 
quantities and in paints was tested because of its 
pronounced nature as an aprotic polar solvent. It 
was indeed a good inducer of mitotic aneuptoidy 
but at relatively high concentrations (close to 5%). 

All of the strong aneuploidy-inducing agenh 
were active in yeast at relatively high 
tions; this could be interpreted to mea 
pose no potential genotoxic hazard to 
ever, the opposite may be true. Human tubulin 
could be more sensitive than yeast tu 

.. 	 though tubulin is a highly conserv 
de et al., 1981) there are species diffe 
susceptibility to drugs. Kilmartin (1981) shos'd 
that yeast tubulin is hardly affected b 
whereas bovine brain tubulin is highly sensith'c 
Xocodazole (oncodazole) was active on both 0.Ps 
whereas another benzimidazole derivative, bat'is
tan. was only active on yeast tubulin. 

We shall demonsirate in a 
tion thai the aneuploidy-induc 
aprotic polar compounds in ye 
with their ability to block assembly i 
porcine brain tubulin. In the case of 
this block could be achieved at conc 
much lower than those necessary to ind 
ploidy in yeast. We believe that the 
aneuploidy may have qualitativ 
in respect IOmammalian conditions. 
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